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PREFACE FOR VOLUMES III. AND IV. 

r Orb Dressing appeared as a two-volume book in 1903. Since that time 
f advances in the art of concentrating ores have been exceedingly rapid and in 
I some instances well-nigh revolutionary. Investigations have been made for 
f the purpose of explaining the principles of ore separation, new concentrating 
f devices have been invented and installed in the mills, and the mills themselves 
have been greatly improved. For these reasons the time seems to have come 
to bring the subject up to date. When this present work was started in Octo- 
ber, 1906, it was thought that something in the nature of a small supplement 
or appendix would suffice and on this basis the collection of material was under- 
taken. It soon became apparent that the new work would rank in size with 
Volumes I and II and hence naturally receive the titles of Volumes III and IV. 
The idea of revising and rewriting Volumes I and II seemed to be prohibited 
by reason of the fact that the machines and the mills are so completely inter- 
woven on almost every page that no method of revision appeared adequate to 
the task. 

The new work has therefore taken the form of Volumes III and IV in which 
the subject-matter of Volumes I and II is added to chapter by chapter. In 
selecting machines for description the effort has been made to take only those 
machines that have found practical application. The four volumes have been 
indexed together and the complete index is inserted in each volume. Another 
feature of the book that will be noted is the insertion of the mill numbers in a 
prominent place at the top of the pages in Chapter XLI. It is hoped that both 
of these changes will add to the convenience and usefulness of the book. 

In Chapter XLI there will be found described ninety-four mills represent- 
ing milling practice in the principal mining centers of the world. Many of 
these mills are given in great detail and contain figures as to costs, power, 
water, etc., that should be of the utmost value. Care has been taken in index- 
ing to make this information available. Throughout this chapter tonnages 
are given in tons of 2,000 pounds unless otherwise stated. 

The writer wishes to acknowledge the help that he has received from the 
manufacturers of milling machinery and from the owners, managers, and 
superintendents of mills. This help has been given in the most cordial and 
syropathetic way on all sides. He desires especially to thank Mr. J. R. Finlay 
for the article on costs which appears in Chapter XLII. For a fuller discussion 
of this very interesting subject the writer takes great pleasure in recommend- 
ing Mr. Finlay's book entitled '*The Cost of Mining" whicVv Vie \nidfc^\,^Tk!J» 
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is soon to appear. He desires to thank Mr. Charles Loughridge for his hetp 
with the manuscript of the Wilfley table, and Mr. Henry A. Wentworth for the 
material contributed with reference to electrostatic separation. Credit has^ 
been given in the bibliography of the various chapters for all material taken 
from other sources. 

The writer feels especially indebted to Mr. E. S. Bardwell and Mr. E. G. 
Goodwin for their careful and intelligent work on the book, also to Prof. H. 0. 
Hofman for his criticism of the manuscript, and to Prof. Charles E Locke who 
has assisted greatly both in criticizing the manuscript and has also reindexed 
Volumes I and II. 
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Iron Trade Review. Weekly. Cleveland, Ohio. Penton Publishing Company. 

Jour. Am. Chem. Soc. » Journal of the American Chemical Society. Monthly. EastoB, 

Pennsylvania. 
Jour. Chem. Met. & Mm. Soc. — Journal of the Chemical Metallurgical and Mining Societj 

of South Africa. Annually. Johannesburg, South Africa. 
Ia)8 Angeles Mming Rev.- — Los Angeles Mining Review. Los Angeles, California. 
Mineral Industry. Annually. New York. HUi Publishing Company. 
Mineral Resources » Mineral Resources of the United States. Annually. United SUtei 

Geological Survey. Washii^rton, D. C. 
Mines & Minerals — Mines and Minerals. Monthly. Scranton, Pennsylvania. 
Min. & Met. Jour. — Mining and Metallurgical Journal. Denver, Colorado. 
Min. & Sci. Press » The Mining and Scientific Press. Weekly. San Francisco. 
Mining Reporter — Mining Reporter. Weekly. Denver, Colorado. 1873 to 1907 includm 

1908 to date as Mining Science. 
Mining Science. -» Mining Science. Weekly. Denver, Colorado. See Mining Reporter. 
Mining World - The Mining World. Weekly. Chicago, Ulinois. 

Oest. Zeit. » Oesterreichische Zeitschrift ftir Berg und Htkttenwesen. Weekly. VieoDi. 
Pacific Miner. Portland, Oregon. 

Philosophical Magazine » Philosophical Magazine and Journal of Science. Monthly. LondoiL 
S. Afric. Min. Review =« South African Mining Review. Johannesburg. South Africa. 
Western Chem. & Met. » Western Chemist and Metallurgist. Published monthly by the 

Western Association of Technical Chemists and MetaTlui^sts. Denver, Colorado. 
Zeitschrift des Vereines Deutscher Ingenieure. Weekly. Berlm. 



TABLE 410. 



KEY TO MILL NUMBERS. 



Mm 
No. 
(tf) 



96 ib). 



VI. 



96. 



99. 



100. 



101. 



103. 



103. 



104. 



105. 



106 (*). 



107. 



108. 



109. 



110. 



Name. 



Elkton CoiuoUdatcd 
Mining and MilUng 
Company. 



Central MiU of the 
North Star Mines 
Company. 



Boston-Richardson 
Mining Company. 



Haile Gold Mining 
Company. 



Selenide Snver MiU. 



Camp Bird, Limited. 



Combination Mill of 
the Goldfidd Consoli- 
dated Mining Com- 
pany. 



Custom Mill ci the 
Nevada Goldfield 
Reduction Company. 



Liberty BcU Gold 
Mining Company. 



Ptttsburg-SiWer Peak 
Gold Mining Company. 



The Great Boulder 
Perseverance Mine. 



Homestake Mining 
Company. 



Luipaards-Vlei 
EtUte. 



Merer and Charlton 
Gokl Mining Com- 
pany, Limited. 



Robinson Deep Gold 
Biining Company, 
Limited. 



Simmer Deep, 
Limited. 



Location. 



Elkton, Colorado. 



Grass Valley, 
California. 



Goldboro, Nova 
Scotia, Canada. 



Haile Gold Mine, 
Lancaster County, 
S(Mith Carolina. 



Lebong-Donok, 
Sumatra. 



Ouray, Colorado. 



Goklfidd, Nevada. 



Goldfidd, Nevada. 



Telluride, 
Colorado. 



Blair, Nevada. 



Kalgoorlie. 
Au^Uralia. 



Lead. South 
DakoU. 



Witwatersrand, 
South Africa. 



Witwatersrand, 
South Afnca. 



Witwatersrand, 
South Africa. 



Witwatersrand, 
South Africa. 



Economic Minerals. 



Native gold, calaverite, and 
pyrite. 



Native gold and auriferous 
pyrite. 



Auriferous arsenopyrite. 



Native gold and auriferous 
pyrite. 



Sdenlum, silver, and iron 
minerals. 



Native gold and silver, ar|^ntif- 
erous and auriferous pynle, 
galena, sphalerite, and a little 
chalcopyrite and magnetite. 



Gold and silver in iron oxides 
and sulphides, also copper 
with sniall values in zinc, bis- 
muth, and antimony. 



Various gold and silver ores. 



Native gold and silver, also 
argentiferous and auriferous 
sulphides. 



Gold and silver. 



Argentiferous and auriferous 
tellurides, pyrite, and 
arsenopyrite. 



Auriferous oxides and sul- 
phides, mainly pyrite. pyrrho- 
lite, chalcopyrite, and arsen- 
opyrite. 



Native gold and auriferous 
pyrite. 



Native gold and auriferous 
pyrite. 



Native gold and auriferous 
pyrite. 



Native gold and auriferous 
pyrite. 



Quartz 
diabase. 



Siliceous. 



Quartz, rhodonite, 
and caldte. 



Silidfied dadte. 



Gangue. 



Quartz, fluorite, 
and decomposed 
granite. 



and 



Quartz and slate. 



Siliceous. 



Various. 



Quartz and 
oildte. 



Quartz and 
alaskite. 



Gray and green 
schists and quartz. 



Quartz and mica 
schbt or slate. 



Hard conglomer- 
ate of quartz peh 
bles bonded by a 
siliceous and fer- 
ruginous cement. 



Hard conglomer- 
ate and quartz 
pebbles bonded by 
a siliceous and fer- 
ruginous cement. 



Hard conglomer- 
ate of quartz peb- 
bles bonded by a 
siliceous and fer- 
ruginous cement. 



Hard conglomer- 
ate of quartz peb 
bles bonded bv a 
siliceous and fer- 
ruginous cement. 



Capadty. 
Tons m Hours. 





135 


in 24. 


176 


in 24. 


150 


in 24. 


90 


in 10(c). 


230 


in 24. 


100 


in 24. 



100 in 24. 



350 in 24. 



400 (lO in 24. 



480 in 24. 



4000 in 24. 



540 in 24. 



360 in 24. 



1423 in 24. 



2400 in 24. 



XZl 



xxu 



KEY TO MILL NUMBERS. 



MiU 
No. 
(«) 



112. 



113. 



114. 
116. 



116. 



118. 
119. 



Name. 



DredM of t!ie Gold 
Bluff Mining Company 



The Central Mill of the 
Twelve Apostles Mine. 



Capital Mining and 
Tunnel Company. 



rheeOMiU"oCthe 
Tomboy Gold Mines 
Company, Limited. 



El Potrerito Mill. 



Concheflo MiU. 



Desert Power and 
Mill Company. 



El Oro Mining and 
Railway Company, 
Limited. 



The Coniagas Mines, 
Limited. 



St. Catharines, 
Ontario, Canada. 



120 (/). Bunker Hill and Sulli- 
van Mining and Con- 
centrating Com- 
pany. 



121. 



122 U). 



Mace Mill Number 1 
of the Federal Mining 
and Smelting Com- 
pany. 



Morning Mill of the 
Federal Mining and 
.Smelting Company. 



123. 

124(A). 



126 (I). 



126 (/). 



127. 

128. 

129. 



130. 



131. 



Ilecia Mining 
Company. 



Mill Number 3 of the 
Federal Lead Com- 
pany. 



Smuggler Mining 
Company. 



Hoffman Mill of the 
St. Joseph Lead 
Company. 



St. Louis Smelting and 
Refining Company. 



Block 10 Mine. 



The Broken Hill 
Proprietary Mine. 



The Sulphide Cor- 
poration, Limited. 



Orick. California. 



Gurabdrza. Tran- 
sylvania, Hu 



Geocgetown, 
Colorado. 



Telluride, 
Colorado. 



El Potrerito Camp, 

Chihuahua, 

Mexico. 



Conchefio Camp, 

Chihuahua, 

Mexico. 



Millers, Nevada. 



El Oro. Estado de 
Mexico, Mexico. 



Kellogg, Idaho. 



Argentiferous galena, pyrite, 
chalcopyrite, and sphalerite. 



Wallace, Idaho. 



Mullan, Idaho. 



Burke, Idaho. 



Flat River, 
Missotui. 



Aspen, Colorado. 



Leadwood, 
Missouri. 



Desloge, Missouri. 



Broken Hill, New 
South Wales, 
Australia. 



Broken Hill, New 
South Wales, 
Australia. 



Daly -Judge Mining 
Company. 



(Central Mine, 
Broken Hill. New 
South W^ales, 
Australia. 

Park City, Utah. 



Eoooomic Mmerals. 



Native flokl, platinum, mer- 
cury and magnetite, ilmenite, 
chromite, garnets, and aroon. 



Native gold and auriferous 
sulphides. 



Native gold, argentiferous 
chalcopvrite, galena, sphale- 
rite, ana pyrite. 



Hard quartz and 
decomposed feld- 
spar. 



Native gold and silver, argentif 
erous and auriferous gakna, 
sphalerite, and pyrite. 



Quartz. 



Native gold and silver, argen- 
tite, pyragyrite, proustlte, 
tetranednte, ana pyrite. 



QuarU. 



Native gold and sflver, argen- 
tite, oyn^pniite, proustite, 
tetrahednte, ana pyrite. 



Quartz. 



Gold, silver as sulphides and 
sulphantimonides, pyrite and 
chalcop^te with traces oC 
other minerals. 



Gold, silver, and pyrite. 



Smaltite, niccolite, and silver 
both native and as sulphides. 



Caldte and slate 
conglomerate. 



Sideriteand 
quartz. 



Argentiferous galena, pyrite, 
and sphalerite. 



Argentiferous galena, pyrite, 
and sphalerite. 



Argentiferous galena, pyrite, 
and sphalerite. 



Argentiferous galena and 
pyrite. 



Native silver, argentiferous 

Slcna, pyrite, argentiferous 
rite, sphalerite, and smith- 
sonite. 



Galena and a little pyrite. 



Galena. 



Argentiferous galena and 
sphalerite. 



Argentiferous galena and 
sphalerite with some car- 
bonates. 



Argentiferous galena and 
sphalerite. 



Argentiferous galena, sphal- 
erite, and pyrite. 



Gangue. 



Quarts and 
pyroxene silicates. 



Trachyte, por- 
', axKigrei 



Quartz, seriate, 
andalusite, and 
calciie. 



Siliceous. 



00 
3000 



Quartzite and 
quartz. 



Sderite and 
quartz. 



Qtiartz and 
basalt. 



Caldte and 
dolomite. 



DolcHnite and 
quartz. 



Limestone. 



Dolomite. 



Rhodonite and 
rhodochrosite. 



Quartz and 
rhodonite. 



Rhodonite and 
ouartz with some 
rnodochrosite. 



Limestone and 
quartzite. 



Capadty. 
Toiki in Boon. 



1200 in 34. 



466 in 24. 



176 in 24. 



aoo 


in 24. 


»(<0 


in 24. 


160 (rf) 


in 24. 


486 


in 24. 



776 in 24. 



300 
250 



in 24. 



m 24. 



460 in 24. 



in 24. 



in 24. 



2600 in 24. 



400 


in 24. 


1200 


in 24. 


1800 


in 24. 


676 


in 24. 


1000 


in 24. 


700 


in 24. 



400 in 24. 



^^^^^^^^^^^^KF^^m^tmaE^^^^^^^^^^^^u^^l 




Nune. 


Localion,. 


Econontic Minerals. 


Gangue. 


Capadiy. H 
Tons in Hours. ■ 


m 


Daly Wst Xlioitvg 
Compttny. 


Park City, Uuh. 


TetrabedTite. galena, PphaJ 
erite, and chakopyHte with 
some carbonates. 


limfslooc iind 


AOO in 24. ^^1 


lO. 


IvuihoeMniortbe 


Sandon, British 
C^iluRibia. Canada. 


Argentiferous galena and 
sphaleHte. 


Slate and 
sfHeritc if)- 


150 in 24. 


134. 


Moniiw Ikfia of tht 
Mooilor and Aju 
Fractioii. limited. 


Colitmbia, Canada. 


Argenltlerous galena, and 
sphalerite. 


Slate and 
Siderile (c>. 


lOa in 24. 


135. 


Macpetic Ptaot at the 
Central Mine. 


Central Mine, 
Bmken Hill. New 
South W;il», 
Austrdtn. 


erite, and pyrite. 


Rhridftnile and 
quart/, with some 
riUMimbrrt&ite. 


240 in 24. 


19S ikh 


Tlie Frisco Consoti- 
daled iMi oinc Com pany . 


Gem, Idaho. 


Argentiferoas galena, sphal- 
erite, and magneiiie. 


Quartrile. 


100 in 24. 


117 {«- 


Mill. 


^aiiuina. 


Calamine, smilh.'ionite, lim- 
onilc, giUeru), ccrrusite. -^dc- 
riie, and i>iphalerilc with small 
iilvcr vulucs. 


Caldte. dokwnjie. 
and Imrile. 


240 in IL 


i3i. 


VaartlHt:i Mining and 
Stnetting Company. 


Velardefid, Duratigo, 


Argentiferous galena, sphal- 
erile, and pyrilc. 


Hard p<irphyry 
with a Utile 
Umcatooe. 


175 In ». 


t». 


lllnii Trcolota y 
Aoeaaa. 


Suita Barban. 
Chihuahua, Mexico. 


Argentiferous and auriferous 
gikna, sphalerite, and pyrite. 


Quarts. 


mXI In 34. 


110. 


Catorado Ziikc 

Company. 


Denver, Colorado. 


Argentiferous and auriferous 
galena. aphaleritc> and pyKle. 


Quart*. 


76 In 24. 


HL 


Empire Zloc 
Company, 


Canon Qty* 
Colorado. 


galena, sphalerite, and pyrile. 


Quarts. 


150 la 34. 


1U. 


The Htunphrry MUl ol 
Ihe Cpf*dc United 
Mines. 


Crccdc. Colorado. 


AfgentilcnMis and auriferous 
galena, sphalerite, pyrite^ and 


Altered trachyte 
and quartx. 


275 in 24. 


143. 


Gf4d Prince Mines. 


Animas Forkc*, 
Colorado. 


ffadve gdd, tetr&hcdriie and 
auriferous pyrite, sphalerite, 
galena, and chalcopyrilc. 


Ouarti and 
rhodoiiilt. 


500 in 24. 


m. 


Silver l^e \(1U of the 
Gurfield SmelUng 
Cornpany. 


Silvertrm, Cdorudo. 


Argentiferous and auriferous 
gsilena, chalcopyrite, pyrite, 
and sphalerite. 


Quartz and 
rhodochrosite. 


S50 in 24. 


M$< 


Or* Dressing Plant ol 
Buc. 


Pierre6tte. Nestalas, 
Hautcs Pyrenees^. 
France. 


Galena and sphalerite. 




IfiO in 34. 


m. 


Ore Droiiiic Plant erf 
the NeueHdene Mine. 


Hohrnlobe Werke, 
Vpper Silesia. 


Sphalerite, galena, and pyrite. 


DoUnnite. 


280 in to. 


147. 


Ncnr Central MUl of 
ihe Atkicn Company. 


\ ielie Mnntagne, 
Aachen, Pnisaia. 


Sphalerite, pyrite, and gaJena. 


Calcite and 
dnlf.imite in a 
clayey shale. 


110 in 10. 


MS. 


IfiUaMcmnffaiid 
Reduclion Company. 


Batti Green, 

^Iscnmln. 


Sphalerite, murcasite, and 
galena. 


Limestone. 


300 b 10. 


140. 
1S0(«») 


Adelaide Star Minea« 
Umlted. 


Golconda, Nevada. 


Chakopyrite. pyrite, sphal- 
mle. anrl galena. 


Hard quartz with 
spind and garnet. 


125 in 24. 


New Central Ore 
Droslng PtaoL 


Claimbal< Ger- 
many. 


(jalcna, sphalerite, chalcopy- 
rite, and sklerite. 


.Mica and argilla 
ceous schists, cal- 
dte, fluoApor, and 
quarts. 


3<10 id 10. 


IftK 


TbeCompaniaMiaera 
Dd Tiro GetKraJ. 


Charcaa, San Luis 
Poltsi, Mcjuco. 


Pyrilc. sphak'riic, galena, and 
chalco pyrite as well as surface 
carbonates and oxides. 


SiUccous lime> 
stone. 


IfflXOIn 34. 


iM(«y 


Kwnha 2 MHI ol the 
New Jeney Zinc 
C<»iiif»ny 


Franklin Furnace. 


Zindte, willemilc, and frank ^ 
Unite besides a number ol 
minerab ol minor impi>riance. 


Caldte and 

biotite. 


1300 in 34. 
30 In 10. 


|S3. 


Magaectc Sraaratiiig 
Plant ol the Ktufp 


Kirchen on the 
Sieg, Germany. 


Siderile and rhodochrosite. 




L J 



^^^jodv^^^^^^^^ KEY TO MILL XUMBERS^^^^^^^^^^ 


^H MiU 


Nftine. 


Locatiun. 


Ecooooiic Mloerak. 


GaJigue. 


CaiNidty 
Tons ia Urn 


^H 


Oliver Iron Mioin^ 
Company. 


HibtMntt, Mioitc- 
«ula. 


Hematite and limooite. 


Taconyte. 


Itm in 10 


^m 1S5 io}. 


Ijuny. 


Langdulc, Virginia. 


TJmunite ol coacretiuoary 
fttructurc. 


a«y am! iibalc ' 
with sandstone 
and pebbtes. 


200 in li 


^H 


Cmnbn-ry MiU. 


Cranberry, North 
CaftiliDa. 


Ma^ctite. 


Hornblende, cpt 
dote, quarts, and 
feld^TJar^ 


350 to 10 


^H 


CoDceotntiiM Milt of 
tlic WluLiionSifd 
Cjrtmpaoy, 


Whartim, New 
Jersey. 


MagnelJtc. 


Granite. 


^m inli 

1 


^H 158 (g). 


Withcrticc, Shtrtnain 
undi Conipany^ inc. 


Mine^ille, 4"Is^x 
Ccmtily. New York. 


Miihgnetite and apalitc. 


Ondki, M'llca* 
frid'ipar, and 
br*rnl»k-nde. 

Limestone and 
sandstone slate. 


1500 inH 
975 in 24 
2000 in 24 

i 


r iw. 


I^lmnon Plant i*f tbc 
PennsyliviLnia. S4«d 
C^itnpany. 


Lebanon, 
Pennsylvania. 


Nbgnellte, chalcopyritc, and 
pyrilc. 


^P too. 


Conocntraunr Nimibcr 
2 of the Moct^xuinji 
Copper Company. 1 


Nacoxsrj, Sonora, i 
Mexico. 


Auriferoiifi chalcnpyHte, 
pyrite-, and bornite. 


QuarU. 


1«l (f>- 


AoBioondlit Copper 
Minins Compiuiy. 


Anaconda, 
Montana. 


Chalcodlc, bcmiite. ermr^ite, 
tujirifcrriu* pirilc, co veil lie, 
sphaieriif, gdcna, anti a little 
cnal copy rite. 


Quart^it and 
{diered grLLUlte. 


8800 ia^ 


162 U). 


Boston vml MantAiu 
C<nudSdAl«d Copper 
and Silver Mining 
Company. 


Great Falls, 

1 


Tetrabedrite. tennantite, and 
tdturide, rhalaicite, Ijornitc* 

tamrmtc, cuimicroMs, pjTite, 
covdliic, sphalcrilc, galena, and 
a little dudCDpyrite. 


Quartz and 
altered gntnlte. 


3000 in 24 

1 

1000 tn 24 


les. 


Company. 


Basin, Montana. 


copper sulptiides. 


Granitic. 


154 (0. 


Butte Reduction 
Wcx'ks. 


Butte, Montana. 


AntentlTerocis and auriferous 
chRicodtG, tmraite, cbatco- 


Quartz and 
deconi{Kiaed fcM- 
spar. I 


500 in 24 
1000 in 24 


105, 


Bttsinn Cj)niii>lidated 
MininK Ccrfnixiny, 


Garfield Beach, 
Utah, 


ArKeniiferous and auriferous 
chalcupyrite, chaJcocite, and 
bL^rnitc. 


Porphyry. \ 


15fJ. 


CacIus Mill of the 
Ncwhousc Mines and 
Smeller. 


Newhouse. Utah. 


Anseniiferous and aurifero'Eia 
pyriCe, chaltopyrilc, and 
native copper. 


Granite. 


W7. 


Garftdd Plaat vl the 
I'liili Copper 
Cnrnpiiny. 


Gaj-fidd, Utah. 


^Irnentifemus and nuriferous 
rhakocilr, bornite, and 
thalcopyritc. 


Porphyry. 


6000 in 24 

1 


lets. 


The Caucastis Copper 
Company, Lintited. 


Dsansaul, Kutaifi, 
Ruiaia. 


Aqjenliferous and auriferous 
thaJcnpyrite. 


Siliceous. 


MIO nifl 


1«0. 


GirrjiiK Cj:»n*r>tid4it«l 
Mines Company. 


Ely, Nevada. 


Argcmiferirm5 and auriferous 
chalcop^Tite, cbakocite, and 
nu-laconile. 


Moruonite and 
lakotve- quartz. 


800 ijM 


170. 


Stcjitm" Valley Smdt- 
inft and Mining 
C^nrtpuiy. 


McGill, Nevada, 


.•\rgentifcToUA and auriferous 
chttlcocitc. p>Tite, chalcopyrite, 
melaconikv magnetite, and 
Hmonite. 


Qua ft 1! — 
ptjrphyry. 


4000 in 24 
700 l&M 


171. 


C<»nt:i-n( ralor N umli j*:f 
li ijf ihc ArijEona Cop 
per Ctunpuny, Limflcd- 


Morendt Arizona. 


Argentiferous and auriferous 
ch&tcocite. 


SiUccotB. 


171 


Detroit Copper Mining 


Morend^ Aneona. 


Cbalcocitc and other coptier 
titlpliides. 


Siliceous. 


1100 m 24 
2S00 in 24 

i 


1 173. 


C^incentraior Number 
2 ol llur C^nanca 
Conaotidated Copper 
CocDpoiny^ 


Canaiwa. Sonora, 
Mexico, 


chalcopyritc, chakocite, 
pyritc, and native copper^ 


Siliceotts and 
takotse. 


171. 


Old Dominion Copper 
MininK and Smcltmg 
Company. 


Globe, Aritooa. 


ArnenuferoUK and auriferous 
chaktjcilc, pyritc, and native 
copper. 


HiRhty kaolinized 
and iiliceous 
porphyry. 


600 ifil 


>. J 



KEY TO MILL NUMBERS 



XXV 



MEl 
No. 
(a) 


Name. 


Location. 


Economic Minerals. 


Gangue. 


Capacity. 
Tons m Hours. 


175 («). 


EusUs Mining 
Company. 


Eustis, Quebec, 
Canada. 


Cupriferous pyrite. 


Quartz, talcy- 
schist, and sili- 
ceous limestone. 


200(<0m 24. 


176. 


Pike HUl Mines, 
Incorporated. 




Chalcopyrite and pyrrhotite. 


^ceous. 


40 in 24. 


177 (V). 


Calumet and Heda 
Mining Company. 


Calumet, Michigan. 


Native copper and silver. 


Rhyolite con- 
glomerate with 
caldte, epidotc, 
and martite. 


10200 in 24. 


178. 


Baltic Mining 
Company. 


BalUc, Michigan. 


Native arsenical copper and 
melaconite. 


Baltic amygda- 
loid. 


2600 in 24. 


179. 


Champion Copper 
Company. 


Painesdale, 
Michigan. 


Native copper. 


Baltic amygda- 
loid. 


3000 in 24. 


180. 


The Trimountain 
Mining Company. 


Trimountain, 
Michigan. 


Native copper. 


Baltic amygda- 
loid. 


2100 in 24. 


181 (w). 


Osceola Coniwlidated 


Opechee, Michigan. 


Native copper. 


Osceola amygda- 
loid, calcitc, preh- 
nite, and magne- 
tite. 


5250 in 24. 


182 (X). 


Quincy Mining 


Hancock. 
Michigan. 


Native copper. 


Pewabic amygda- 
loid. 


4700 in 24. 


183. 


Arminius Idines. 


Mineral, Louisa 
County, Virginia. 


Cupriferous pyritc. 


Slate. 


250 in 10. 


184. 


Pyritc Dressing Plant 
ol the Verein Chemi- 
scher Fabriken. 


Morgenstemwerk, 
near Mcrsdorf, 
Rohnau. Silesia. 


Pyritc. 




150 in 20. 


185 (y). 


Dressing Tin Ores at 
the Old cutters Mine. 


Gunnis Lake, East 
Ovnwall, England. 


arsenopyrite, and chalcopyrite. 


Quartztte, 
granites, etc. 


100(<0in 2i. 


186(2). 


General Practice of 
Asbestos Dressing. 


Quebec, Canada. 


Actinolite and chrysotile. 


Hornblende and 
serpentine. 




187(*). 


Gnnabar Ore Dressing. 


Idria. Austria. 


Cinnabar. 






188 (t). 


Diamond Washing. 


South Africa. j Diamonds. 


S^:^""*'- 





(«) MtSs 1 to M inclusive as well as a few others will be found described in Ore Dressing, Vol. IL, Chapter XX. 
(h) Scr Of* Dr^sainK. VdL. IL, p. 1018. (c) Probably, (rf) About, (e) See Ore Dressing, V^l. IL, p. 1025. CO Sec 
Ore Dnnng. Vol, II., p. 937. Ig) Sec Ore Dressing, Vol. IL, p. 946. (A) See Ore Dressing, Vol. IL, p. 920. CO See 



(m) See Ore Dressing, Vol. IL, p. 
(^) See Ore Dressing, Vol. IL. p. 1058. 



.965. 



Ore Dresam \'ol. II.. Pp. 933 and 1004. (/) See Ore Dressing. Vol. IL, p. 924, 

(OScrCirr r*rt=ssm«.Vr/lI..p. 1066. ' - - - • ^ 

(fl) .*>•*■ r>fp Dri^vsina, \v>l. 11., p. 896, 
(r) S« Orr t)ri-«in(£, VrA. IL, p. 984, 
(«) Sft Of Prr^nK, \'ni IL, p. 904. 
(X) Sn? Opt DiT^sing, Vol. IL, p. 998. 
(•) See 0« nrvaauj^. Vol. XL, p. 1074 



(P) 
1. is) 

. (v) 



See Ore Dressing. Vol. IL, p. 974. 

See Ore Dressing, Vol. IL, p. 990. 
(yj Sec Ore Dressing, Vol., IL p. 1081. 
(t) Sec Ore Dressing. Vol. U., p. 1080. 



p. »^. 
(*) Sec Ore Dressing, Vol. IL, p. 942. 
(«) See Ore Dressing, Vol. IL, p. 1060. 
iq) See Ore Dressing, Vol. IL, p. 1059. 
(if) See Ore Dressing, Vol. IL, p. 987. 
(w) See Ore Dressing, Vol. IL, p. 994. 
(s) See Ore Dressing, Vol. U., p. 1079. 



CHAPTER XU. 



SUMMARY OF PRINCIPLES AND OUTLINES OF MILLS, 

§ 1416. SuMMAKY OP Principles, —The Btudent will find the principles of 

epttration given at some length in Ore Dressing, VoK IIL, Chapter XXIL 

)ne new principle (electro-condiietivity) has been applied with fair suceeaa 

and its application will be described later. For the eoiivenlenee of t!ie reader 

a list showing the methods of using these principles, as taken up in detail in 

Ore Dressing, Vol. IL, pages SSy to 892, will be enumerated: 



Hand picking. 

Sizing by screens. 

Sizing by a water film on a surface. 

Sorting by free settling, 

Elutriation. 

Sorting by hindered settling. 

Suction, 

Sorting by settling in air. 

Momentum and trajectory. 

Agitation. 

Greasy flotation. 



Plate amalgamation. 

The greased plate. 

Electro-conductivity. 

Magnetism, 

Roasting for Magnetism. 

Roasting for Porosity. 

Decrepitation. 

Centrifugal force. 

Bnttleiiess under crushing force. 

Friability under a blow. 



It is well, at this place, to say that greasy fioiation or the surface tension of 
a liquid, as a method of separating values from waste, has advanced from a 
position of practical obscurity to one of considerable prominence. The prio- 
ciple is now being used successfully at a few mills, and with good results, on 
tiie galena-sphalerite ores of Broken Hill, New South Wales, Australia. The 
same principle is employed by Macquisten, in his method of separating the lead, 
zinc, iron, and copper sulphides at Golconda, Nevada. 

Electro-conductivity. — Many minerals have been found to be capable of 
conducting electricity, some to a greater degree than others, while the waste 
rock or gangue is often a non-conductor. This principle of ore separation is 
made use of by several electrostatic separators, including the Blake, Huff, and 
Sutton, Steele, and Steele niachines. 

} 1417. Combinations of Principles of Separation, ~ A few of the above 
principles of concentration, if used alone and unussociated with others, would 
give a commercially complete separation of the values frorii the gatigoe in given 
ores; but it may be stated that a majority of the principlt^s wouki give little 
or no concentration unless two or more are used in combination. Several 
iicli combinations are given in Ore Dressing, Vol. IL, p. 891, and the reader 
I referred to that place for them. 

The combinations and orders of arrangement have become so numerous 
and varied that for the mure moih^rn practice the author refers the student 
to the mill schemes and outlines as given later in this chapter. 

j! 1418. Theoretically the proper combination of principles should give a 
pi*rfect aeparation with a given ore. Practice^ however, aeldomj if ever. 
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§1418 



obtains such results, and the chief reasons for imperfect work are given below 
in the order of their importance: 

a. Fine slimes. 

b. Included grains. 

c. Flattish grains. 

d. Compact grains (if concentrator is run too fast). 

e. Oxidized or weathered grains. 

The actions of a, 6, c, and d are described in Ore Dressing, Vol. II., page 892. 
Oxidized or weathered grains e, seem to affect the flotation and magnetic 
processes, in that a lower extraction is obtained when working over old waste 
dumps which have been exposed to the weather than when handling freshly 
made tailings of a similar nature. 

Table 542 shows the general character of the ore and gangue, the average 
percentage extraction and the number of mills from which the general results 
are obtained in many districts and on various ores. A more detailed' table 
will be found in the following chapter. These results have been obtained from 
a study of Mills 95 to 188 inclusive as given in this chapter. 

TABLE 542. — SHOWING THE GENERAL CHARACTER OF THE ORE AND GANGUE 
AND THE AVERAGE PERCENTAGE EXTRACTION MADE IN VARIOUS DISTRICTS. 



District. 



Ore. 



Gangue. 



Average Percentage 
Extnurtion. 



Number of 
MiUs Re- 
sults are 
Taken 
From. 



California 

Eastern 

South Dakota 

California Dredge 

Witwatcrsrand, South Africa 

Transylvania, Hungary 

Colorado 

Nevada 

Mexico 

Australia 

Sumatra 

Colorado 

Missouri 

Mexico 

Utah 

Australia 

Clausthal, Germany 

Pyrenees. France 

Upper Silesia 

Prussia 

Germany 

Minnesota 

New^ York 

Virginia 



Gold 

Gold and silver 

Gold, silver, lead and 
copper 

Silver and lead 

Silver, lead and zinc. . 

Silver, lead and zinc. . 
Lead and zinc 



Zinc 



Iron and manganese 
Iron 



Quartz and diabase 

Siliceous 

Quartz and mica schist 

or slate 

Quartz 

Quartz, pebble conglom 

erate 

Trachyte, porphyry, and 

greenstone 

j Quartz 

^ Quartz and feldspar 

Quartz and silicified 
dadte 

Quartz 

Schist and quartz 

Siliceous 

Quartz, limestone, and 
rhodonite 

Limestone 

Porphyry and limestone . 

Limestone and quartzite . 

Quartz and rhodonite . . . 

Schist, quartz, and lime- 
stone 



Dolomite . . 
Limestone . 



Taconyte 

Gneiss and granite . . . 

Sandstone, shale, and 

pebbles 



96.0 gold 

81.0 " 

95.0 " 

56.0 " 

94.1 " 

84.0 " 

93.5 " 

85.0 gold and silver... 

94.0 

89.6gold 

90.5 silver 

83.3gold 

45.0 silver 

91.5 gold and silver . . . 

71.0gold 

50.0 silver 

88.0 gold 

67.3saver 

83.0 lead 

79.0 copper 

75.0 gold, silver and 

lead 

00.7 silver 

81.6 lead 

76.0 silver and lead . . 

62.7 silver 

77.41ead 

56.0 zinc 

62.3 silver 

72.1 lead 

72.4 zinc 

46.9 l«id 

35.4 rinc 

74.3 lead 

74.7 zinc 

76.0 zinc 

85.0 " 

74.1 iron 

73.9 m:inganese 

82.9 iron 

92.9 " 

88.0 " 
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District, 



Ore. 



Gangue. 



Average Pcrccnlage 
Extmctioa. 



Number of 

sulls arc 

Frocn. 



Kcv«d& 

Mnfitami » -,. 

hakt Superior, Midiig&a . 

VtMh .,,.. 

Vcnnoot 

Menco Aod South Western 

UiriledSuuo ....< 

Sacrii . ......... 

ConwftO. EnfUod 

Simlh Afdca 



Iron and copper . . 

Gold, sflver, And co|»ptr 

Silver A»d copper . , 
Copper ♦ 



Omcstoflie and sandstone 

slaie 



Tdcose-quaru 



Groiute . 



Petite 

Tin and tungslca 
Diamoods 



Amyettitloid 

Porphyry and ffmnile . 

SiiLicfQils ... 

TaktKMr and $ilkcuus pur 
phyry 



I ^.3 iroa 

' ^3 copper , 

mi isold, tUver and 

cicjpner . . » 

I 78,2 silver 

^K0 5cMpper... 

800 cupper 

82.5 -^ 

6tiJ ** 



QuartJEOfie jEranlte 

Forphyritk peridoLili! 



81.0 " 

8A.0 pyrite . , .... 

K9 1 tJD aiid tungsten 
lih.Q dlurnoods 



Schemes of Mill Treatment. 

J 1419. So many changes havo been made in concentrating methods since 
ihp appearance of the first two volumes of Ore Dressing, that it has been con- 
sidered wise to phice the outlines of a large number of mills, showing the most 
modem practice in concentration, in this chapter. With this end in view, 
ninety-four outlines of mill schemes follow. . Some represent mills, given in 
Ore DressiKg, Vol. IL, Chapter XX., which have been remodeled and rearranged; 
and it is interesting to compare these with the older schemes. A number of 
completely new and modem mill outlines are also presented for the reader's 
study. 

{ 1420, Methods of Study. — The outlines as presented in this chapter 
are so Intricately involved with detail that the author will, at this point, give 
the key or method of analysis which he has found best adapted to simplify the 
study of the same. After getting the process in mind by use of the key, the 
student may then, with a great deal of profit, turn to the details of the schemes 
which contain so many good points that it is not deemed wise to omit them 
altogether 

The key or method of analyzing the mill schemes as used by the author 
is first to set all the screen sizes or chissifiers in a colunm. Follow each with 
the concentrating machine to which the coarser size goes, and then in a third 
column give the proflucts made by each concentrator. In a fourth colunm 
give the crusher to which the middlings go, and in the fifth the maximum size 
of grain to which each crusher is set to crush. In a final column set dow^n 
the name of the concentrator to which the re-crushed products go. In order 
to make this method of study clear three outlines have been arbitrarily selected 
aa examples of typical mills. In these keys the machine numbers used are the 
same as are used in the detailed outlines which will be found for comparative 
study under the mill numbers. After a study of these keys and their connection 
with the detailed flow sheets, further investigation of other schemes should be 
a comparatively easy ta^L 



1614 



ORB DRESSmO. 
KEY TO THE OUTLINE OF HILL NO. 100. 



11420 



Cki^Aen. 


Conceoifaipci. 


Pn^ucti. 


Bmkcr or Cituber. 


LiMlof 
Crufiliim. 


tioo. 


i IV fin 1 7& {ncha 






(2) Blftke 


LTSiDcbs.. 


(A) 








{£) Suuni* .......... 1 


ioj 




(VI Flam ... .. . 


1 Ainalpin * . , . 








{7 j Sand tnpa 

(8} QultkiftSB 

(11) Oc&nup pans .... 
im Qmckirap ....... 

(14) Fnie vaiuKn.. .. ,. 

(15) PUla ... . 


? PiJfi 






<SS 




1 Finr pulp 

1 Piiin 






(ISJ 




Palp .,....,., 








{ Anuli?un *, . ., 










1 Omjk BJid * . 
1 Ccmccntralrt * 










\ T«ilin«% ..... 
1 COUK ... 


jrrHurilitigto^'miW^; 


'jilMii^'! 


iS 


(]5> SiitjkAstrn . . 


1 TniM . . .... 




1 AraaJgim * . . . 






. , . , 




im WUflcf uUei 


1 Fulp ........ 

) CoDcentcmta * 






ui) 




* TjtiUjiBa • . . 



























^ Indicates a finished produa. 
KEY TO THE OUTLINE OP MILL NO. 120. 



Scncpa and 


Cc3Jicrft(r«|««s. 


Fpqdueti. 


Broker or Cruslier. 


Umilof 
Crushing. 


Dcstim^ 


t2\ On aus mm. 






(1) Conets 




(4) 




(4) FkklD«bdt....... 


iSmdtlnfOre* 
lMUIin«OK .. 








f iSit " 16.00 mtn ■ « . - ■ 


m R^ 

(14) Rdb 




(13> 
(131 




im JilPi .^. 


f Huttbea 








(13) *^ 1S>00 mm .... . 


' Concc'Ulnitcs 


(33) Huming«Q«mm . . 
{11} Rdb 


1.8 mm . 




rtOl Tiiffi 








1 Hulcbea ...... 






(13) 


(IS) " la.OO nam .... . 


Cbocentnifs • 

Cancentmes ., 
Taitini^* 








(21) Jigs . 


(22) lUiils ,,- 




(1^ 




I Uut^hts 






(13) 




Tailinea * ... 








(30) " IM tarn 


(39) HuniiDgtaa miU . 


Umm..... 




m) Jigs...... 


i^} 




Hutchen 






(13) 












(20) "* 3.00 Dim , . . , , 






(29) 




Taliinss • 










f F{i«t idjoU 






(21) 


m) Through 3,00 mm . 


^™r«iB«» 






C») 


im. C20), and {27) im. 


Third ftfjgDti , 
Fines 






\m 




[ ConcHiiratti * 
- Middlirkos 














(AT) 




Tuiingi * . . . 








(29) Ob 3-00 mm ...... 




(30) I1untliiit<?a mills . . 


l.4moi.... 


im 


CM) Through 3.00 mm 






., (24) 


im WilAeytiiMcs..... 
(37) WiifleylaUfi. 


Middlings .... 














(45) 




SUfua ♦ 

Tailingi 






"(sri^*' 




Middtini!! ... 






i«S) 




CoBCintralcs * 










Tdlings 

Slimca* 






(at) 


£40) Sdizkastm ... 


/Coane ...,..! 






{in 




(41) Wilftry (able 


J Fine 






s 




Middlings ... 






m 




Tailings * . . 
Slims 






w 

im 




CoopenlraUa . . 








(4A) WUAeylahIa i 


Tailia«5 . . , 
Tailinea 












im 




Slimi* 



















^ Indicates a finished product. 



§ 1420 OUTLINES OP MILLS. 

KEY TO THE OUTUNB OF MILL NO. 120. — {Continued). 
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Screens and 
Classifiers. 


Concentratocs. 


Products. 


Breaker or Crusher. 


Limit of 
Crushing. 


Destina- 
tion. 




(63) Sand traps 

(64) Vanncn 


iCoaise 






JSl 




< FiiKt 








I Concentrates ^ 
( Tailings ^ 










(65) WUfley tables 

(67) Slough-off tank . . . 










r rx>nrentrates * 
Middlings 














(84) 




Tailings ♦ 










Slimes 






(63) 




Cxiarse 






(68) 


/£0\ f \n n KX mn 


Fines 






(63) 
(71) 




(80) Wlflcy tables 


Concentrates ♦ 
Middlings .... 


(69) Huntington mills . . 


6.8 mm 


(68) Through 0.54 mm . 






(84) 


Tailings • 








n^\ (\n n 1ft mm 


SUmes 






f^ 




(76) >\llfley tables 

(84) WUfley tablet 


Concentrates* 
Middlings 


(69) HunUngton mills . 


0.8 mm 


(72) Through 0.58 mm . 






(84) 


Tailings ♦ 










Slimes" 






(63) 




' Concentrates • 
Middlings .... 
Tailings * 










(69) Huntington mills . . 


0.8 mm 


(71) 















# Indicates a finished product. 
KEY TO THE OUTLINE OF MILL NO. 162. 



^!?**^ *°** (Zoncentratois. 
OasfiiUers. v^JuceniraioRi. 


Products. 


Breaker or Crusher. 


Limit of 
CnLshing. 


Destina- 
tion. 




(5) Picking Belts 


{ Smelling Ore*. 
( MUUng ore . . . 








(4) On 38.1 mm 


(6) Blake 


38.1 mm ... 

22.2 mm . . . 


(7) 


(7) *• 38 1 mm 


(8) Blakes 


(10) 




i 15) Harz fioa 


Concentrates • 
Middlings .. 






(10) " 22.2 mm 






(17) 


I Vn Harz fios 


TaiUngs 

Concentrates ^ 
Middlings 


(16) RoUs 


8.0 mm . . . 


(10) 








(U) ** 8.0 mm 






(21) 


(21) Evans Jigs 

(22) Evans jigs 


iTaUings 

Concentrates • 
Concentrates* 

TaUings 

Concentrates * 
Concentrates* 
TaUings 


(20) Rolls 


8.0 mm . . . 


(10) 








(13) " 5.0 mm 








(27) Rolb 


2.6 mm . . . 


(26) 








(14) - 2.5 mm 








(27) Rolls 


2.5 mm . . . 
2.5 mm . . . 


(26) 


l^Si •* 2Ji mm .... 


(27) RoUs 


(26) 






COarse 




(30) 


/4A\ TlnvMi^ti 2^ mm 


Fines 






(36) 






Slimes 






(63) 




1 Coarse 






32 
(59) 




Fines 








(30) Evans jigs 

(32) Evans pgs 

(36) WUfley tables 

(38) Frue vanner 


Slimes . 






(63) 




Concentrates • 
Middlings .... 
Tailingfi * 










(47) Huntington miUs . . 


1.25 mm ... 


(50)and(52) 




Middlings 






(36) 




' Concentrates * 
MiddUngs .... 
TaUings* .... 
Concentrates * 
Middlinffs 










(47) Huntington mills . . 


1.25 mm . . . 


(50)and(52) 












(38) 




Tailinss * 










9imes 






(63) 




Concentrates * 
Tailings* 
















(50) and (52) Through 

1 *t%, .win* 


( Coarse 






(51)and(53) 






1 Fines 






(59) 










(51) 












(38) 




(51) and (53) Evans jigs 
(63) Evans tables 


Concentrates * 
Middlings .... 
Tailings* .... 

( Concentrates * 

\ TaiUngs* 










(47) Huntington mills . 


1.25 mm . . . 


(50)and(52) 























# TnHirat<^t a finishMl nrodurt. 



1616 ORE DRESSING. Mill 95. § 1423 

Order of Mills. 

§ 1421. Order of Mills. — The order in which the gold and silver milla 
are grouped is as follows: 

A. Washing Followed by: 

1. Hand Picking and Sizing. 

B. Amalgamation Followed by: 

1. Concentration and Lixiviation of Concentrates and Taiungs. 

2. Concentration and Lixiviation of Concentrates. 

3. Concentration and Lixiviation of Tailings. 

4. Lixiviation and Concentration. 

5. Lixiviation. 

6. Concentration. 

C. Concentration Followed by: 
1. Lixiviation. 

D. Lixiviation. 

The remainder of the mills are placed in groups determined by the more 
important values which they save, and in the following order: 

E. Mills Saving only Silver Values. 

F. Mills Saving Silver and Lead Values. 

G. Mills Saving only Lead Values. 

H. Mills Saving Silver, Lead, and Zinc Values. 

I. Mills Saving Gold, Silver, Lead, and Zinc Values. 

J. Mills Saving Gold, Silver, Lead, and Copper Values. 

K. Mills Saving Lead and Zinc Values. 

L, Mills Saving Lead, Zinc, and Iron Values. 

M. Mills Saving Lead, Zinc, and Copper Values. 

N. Mills Saving Zinc and Manganese Values. 

O. Mills Saving Iron and Manganese Values. 

P. Mills Saving only Iron Values. 

Q. Mills Saving Iron and Copper Values. 

R. Mills Saving Gold and Copper Values. 

S. Mills Saving Gold, Silver, and Copper Values. 

T. Mills Saving Copper and Sulphur Values. 

LI. Mills Saving only Copper Values. 

V. Mills Saving only Pyrite. 

W. Mills Saving Tin and Tungsten Values. 

X. Mills Saving only Asbestos. 

Y. Mills Saving only Mercury Values. 

Z. Mills Saving only Diamonds. 

A. 1. Washing Followed by Hand Picking and Sizing. 

§ 1422. Mill No. 95 gives a general description of this method of concentration 
as generally employed. 

in the Cripple Creek District of Colorado,^®' *^ the values are usually asso- 
ciated with soft material while the hard rock of the vein is almost destitute 
and washing is the usual method adopted to clean the values from the waste. 
Because of the fact that so much waste must be hoisted to get the values the 
cost of mining and treating varies from $3 to $15 and will average about $10 
per ton shipped. 

§ 1423. Mill No. 95. ^ "^\shing at the Elkton Mine,'*® Cripple 
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124. Mill 96. OUTLINES OF MILLS. 1617 

SEK District, Colorado. — The ore, as hoisted, is trammed to the ore 
ise and delivered to (1). 

1. Trommel, 3 X 10 feet, with holes 1.125 inches in diameter punched in 
S-inch sheet steel 2 inches between centers. A motor drives the trommel at 
evolutions per minute. From the mine; delivers oversize to (3) and under- 
t tx) (2). 

2. Bin. From (1), before the ore is washed; delivers to (4). 

3. Bin. From (1); delivers to (5). 

4. Elevator. From (2); delivers to (21). 

5. Chute through which ore falls and is washed by a spray of water. From 
; delivers to (6). 

6. Sorting table and shaking feeder, about 8 feet long. From (5). Waste 
>icked out and sent to (7) and the remainder is delivered to (8). 

7. Cars. From (6) ; hoisted and delivered to dump. 

S. Blake breaker. From (6); delivers crushed ore to (9). 

9. Elevator. From (8); delivers to (10). 

10. Crane washer, which is a circular revolving screen, 40 inches in diameter 
1 12 feet long, carried on rollers, and making from 8 to 12 revolutions per 
nute. The first third of the screen has 0.875-inch holes, the second third 
25-inch holes, and the last third, 1.375-inch holes. All screens have round 
Qched holes. From (9) ; delivers oversize to (12) and all undersizes to (11). 

11. Bin. From (10); delivers, after sampling, to cyanide plant or smelter. 

12. Washing drum which contains a revolving steel spiral screw, one-third 
emerged in a tank of water. The spiral has 0.375-inch holes near the dis- 
irge end for the delivery of water and slimes. From (10); delivers water 
J slimes to (13) and waste rock to (15). 

13. Slimes tank. From (12); delivers settled slimes to (14) and overflow 
waste. 

14. Tank with means for drying the slimes. From (13); delivers, after 
npling, to cyanide plant or smelter. 

15. Picking belt conveyor. From (12); delivers hand-picked waste to (16) 
d remainder, up an incline, to (17). 

16. Belt conveyor running parallel to (15). From (15) ; delivers waste rock, 
an incline, to (17). 

17. Hopper with partition. From (15) and (16); delivers ore, via chute, 
(18), and wa.ste rock, via cara, to dump. 

18. Bins. From (17); deliver to (19). 

19. Breaker breaking to 1-inch cubes. From (18); delivers to (20). 

20. Elevator. From (19); delivers to (21). 

21. Sampler. From (4) and (20) at different times; delivers reject to (22) 
d sample to assayer. 

22. Chute. From (21); delivers to (23). 

23. Loading bins. From (22) ; deliver, via cars, to cyanide plant or smelter. 
This mill is doing very satisfactory work. 

1. Amalgamation Followed by Concentration and Lixiviation op 
Concentrates and Tailings. 

This method of saving gold values is exemplified by Mill 96. 

§ 1424. Mill No. 96. Central Mill of the North Star Mines Company, 
tASS Valley, California. — The capacity of the mill ^ is 135 tons per 24 
urs. The ore consists of the economic minerals, fine free gold and auriferous 
rite disseminated in a quartz gangue.'" The country rock is diabase. 

The ore is hand picked in the mine into clean waste and milling ore, both 



of which are hoisted sefjarately in skips lioliUng 3 tons each. Waste rod 

goes to the ihinip and milling ore to (1). 

L Wooden l>in with a fapaeity of 150 tons. From the mine; delivers to (2), 
2, Elurtric train, mufle up of fourteen 2.5-ton cars. Two hours work per 



The train Ivduis ore 
From (1); dehvers \& 



day witli tlus train keeps the mill supplied with ore. 
other mills and also handles waste and concentrates, 

C3)- . . . . . . 

3. Crizzhes with L-j-mch spaces between the bars which are of iron O.S75 

inch wide on top, tapering to 0Ji25 inch on the bottom, 2 inches deep and 3: 
feet long; From (2); deliver oversize to (4) and undei*size to (6). 

4. Two masonry mid-bins, each having a capacity of 40 tons. From (3)1 
deliver to (5). 

5* Blake breaker, with a 9 by 15-inch jaw^ opening, making 300 thrusts 
per minute, having a capacity of S tons per hour and reriuiring 20 hoi*se*powef 
to operate. From (4); delivers crushi^d ore to ((>), 

G. Masonry mill bins, earh having a capacity of 175 tons. From (3) and (5) 
deliver, via 8 gates and feeders, to (7). 

7* Forty stamps, built by the Union Iron Works. They are arranged in 
eight 5-stamp batteries, WTtgh 1,050 pounds each, and drop 90 times per minuti' 
through a height of S inches. When chrome-steel shoes and dies are used thcya 
W' ear down about U.Os;i iiu*h per dny. Cast-iron dies wear abtrnt 0.107 inch perB 
day. Mortars rest on nuisonry foundations with rubber sliecting 0.03 inch 
thick betw^een the tw^o. Battery frames aiT of steek The sr rectus are made 
of very thin sheet steel, 10 X 50 incht\s^ punched with 400 round holes per 
square inch, the holes being 0.025 inch in dianiet(^r, A space of solitl metal is 
left arountl each square inch, which ijrevents breaking of the sereen. The life 
of these screens is three times that of the ordinary variety and there is no blind- 
ing of the holes. Stem guides, bored 0.031 inch la^rger than the stems, havi 
given hue satisfaction* The 40 stamps require* a maxinuun of 90 horse-pow<T 
operate. From (5) and (12); deliver pulp to (8) and elt^an-up material to (li 

8. Eight silvered-copper amalgamation plates, IS feet long by 4 feet wi 
and turned up 2 inrhes on either siile to make them 44 inches wifle. Tfci 
ben{l in the plates is in the shape of a curve rather than a corner and thus allow*? 
for expansion without bulging. F'roni (7) ; deliver amalgam to retort ami pulj 
to (9).^ 

9. Eight nuu'cury traps. These are simply holes in the concrete ft 
From (8); deliver amalgam and nu'rcury to retort and pulp to (10). 

10. Eight Dodd tables built by the Union Iron Works and having a eapaoit; 
of about 20 tons per day each. From (0); deliver concentrates to eyankl 
plant, middlings to (11), and tailings to cyanide plant. 

11. One Dodfl table with details same* as (10). From (10); delivers c< 
centrates and tailings to cyaniile plant. (10) and (11) require 8 horsc-powei 

12. Clean-up room containing an inclined bowl-shaped ball grinder, eoncrei 
clean-up tanks, and concrete settling tank. From (7); delivers amalgam 
letort and coai^se sands to (7). 

The mill cost, including excavation expenses of $18,000, was $74,000. 

The ore contains from 0.4 to 1.5 ounces gold per ton, averaging about 0. 
ounce. The gold is 870 parts fine. The concentrates, representing 2% of tf 
w^eight and 8% of the values, assay 3 ounces gold per ton. The null tailin 
represent 12% of the values and a.ssayO.Ol ounce gold per ton. The tailin 
from the cyanide mill reji resent about 98% of the weight and 4% of the valu* 
and assay about (h024 ounce gold |jer ton. Seventy-nine percent of the valui 
in the ore are recovered by amalgamatiou, and of this 25% k saved in the h 
leries and 75% on the plates nnd in the traps 
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The following table sbowa the coat of milling during 6 months in 1903 : 



i(iiy 





Jim, 


Feb. 


March. 


ApriL 


Miy. 


June. 


Avcnce. 


CoEt per too a( ore millol eidusive of office eipenaa. .... 
Wood costs $4 00 ptr cord 


10^ 


10.67 


10.70 


$1.04 


lOJtt 


10.66 


tOJl 



The water supply for the mill h taken fmni the main water system, through 
a 26-itich Pelton wheel, with a OJj25-inch nozzle, which drives the roek breakers. 

The water from the wheel is delivered to a niasoniy tank whirh suppHes 
battery water, etc. The stumps are driven by a 75 liorse-power indiirtion motor 
located above the ore bins (5), The tables are driven by a 10 horse-power 
motor located on the concentration floor* 

The mill runs three 8-hour shifts per day, 7 days in the week. The follow- 
ing labor is employed: 

3 Amalgamators receiving $100:00 per month. 

3 Vanner men " 3.00 '' day, 

1 Rock-breaker man ". . , , , 2.50 ^' day. 

1 Foreman 125.00 *' month, 

§ 1425. Modern Practice in California Gold Mills, ^ — The tendency 
now,** on the Pacific coast, h to increase the capacity by the use of a heavier 
stamp weijrhing from 1,000 to 1/200 pounds, with about 100 drops per minute 
and a low discharjje. In many ciuses the capacity of thewe stamps hiiis been 
increaiied by breaking: to 0.25 inch before stamping the ore. The screens used 
in the mortars vary from 20 to 40 meshes to the inch with a gc^neral average 
of about 30. The size of the screens is determined more or less by the idea 
thai wlten the gold occurs free, as in this district, the natural cleavage planes, 
where the rock breaks first, contain the gold, and the ore is discharged as near 
thjj* size as possible. 

After crushing, the pulp Is passed over amalgamating plates with a slope 
of less than 2.5 inches to the foot and with as little water as possible. This 
bring?^ the pulp into very intinuite contact witli the plates and insures better 
results. C. S. IHirh^r is of the opinion that the wave action, such as is produced 
by stamps, Is everything in amalgamation, an*l arrived at this cooclunion through 
the observation that tlie pulp, produced by a Huntington mill, whilt- flowing 
evenly over the surface of a plate gave a very small saving; after which a nar- 
row plate was arranged at the discharge which was struck by a tappet in such 
t* ^*^y ^^ *^ 1?'^'^ '^ ^ sharp pulsating motion. This formed waves on the plate 
rand the results obtained thereafter were excellent. The plates are kept as 
F dry a.s coasistent with good amalgamation. Cyanide is not used on the plates 
^^8 it is possible, by this means, to make them so hard that mercury will not 
Hwick to them. Caustic potash or lye is used to clean stains, etc. Rubber 
8* jire not extensively used now because they remove so much of the 

a^ I that there is not enough left on the plates to allow them to recover 

ihi* proper amount of gold for a while after starting up. The method of clean- 
ing, at present in use, is to use an ordinary straw bristle brusli whenever cleaning 
19 necessary. The fresh mercury is rubbed into the plates with the same brush 
and aft4*rwards smoothed over with a whitewash brush. 

The pulp from the plates ptisses through mercury traps havmg as many 
as SIX compartments. Mercur>^ is placed in the bottoms of the first two com- 
partments and a great deal of the gold is caught there. 

The pulp from the mercury traps is sent to Wilfley tables which make con- 
centrates, middlings, and tailings. The tailings are divided into coarse and 
fine tailinga by means of a split in the tailings discharge from the tables. The 
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fine tuiliDgs go at once to waste, and the coarse tailings are sent to Johnston 1 

vanners which iiuike eonrentrates and tailings. These tailings go to waste. J 

No classifiers are in use, J 

B. 2. Amalgaal^tion Followed by Concentration and Lixiviation ofi 

Concentrates. ' 

This group is illustrated by Mills 97, 98, and 99 which cover three districts. 

§ 1426, Mill No. 97. Boston-Richardson MjxiNt; Company, (ioldboro, 
Nova Scotia, — This mill has a capacity of about 17") tons per 24 hours."* 
The economic mineral is an auriferous arsenopyrite in a gangue of quartz ant 
slate. The average gdlrl value of the crude ore is $2.S.> per ton. The problem 
is to save the gold and peihaps make a tailings product salable for its arsenic, 

Rock House. 

The ore comes from the mine in skips of 2 tons capacity and is delivered 
to (1). 

1. Gates breaker, No. 5, style '* K/' breaking to 1.25 inches. From the 
skips; delivers crushed ore to (2), 

2. Burkei elevator. From {\}; delivers to (3). 

3. Trmnniel with holes 1.23 inches in diameter. From (2); delivers over* 
Bize to (1) and undejsize to (5). 

4. Gates bn^akcr, No. 4, From (3); delivers crushed ore to (5), 

5. Bin. From (3 J and (4) ; delivers, via car, to (6). 

Concentrator, 

6. Mill bins. From (5) ; deliver to {7). 

7. Sixty stamps weighing 9.>0 pounds each and making from 95 to 98, 7 to 
7.5-inch, drops per minute. The height of rlischarge is 6 inches. They crush 
thrrnigh an 18 X 21-mesh twilled screen of number 26 wire and each has 
capacity of from 2.S to 3 tons per 24 hours, Water is underfed at the back anf 
mercury is hnl to the moilars although there are no insirh* plates. The Koppc 
shoes and dies last about 6 months. From (0); deliver pulp to (S). 

8. Twelve 12-foot .silver-plated amalgamating plates, each being dividec 
into tliree sections an<i having two 0,75-inch drops. Recover 73' i of the gold 
value of the ore in the form of amalgam. From (7) ; deliver amalgam to retort 
and pulp to (9). 

9. fyix Wilfley tables. From (S) ; deliver from 2 to 3% of the crude orej 
as concentrates, running from S15 to S30 per ton in gold, 25% in arsenic, and: 
30% in silica which is lunessary for percolation, to (10), and from 98 to 97% 
of the crude ore, as tailings, assaying from 20 to 30 cents per ton in gold, and 
representing a loss of about *J% of the original gold value of the ore, to waste 

10. Shaking sluice. From (9); delivers to (11). 

11. Draining tank. From (10); delivers pulp to (12) and drainings ti 
waste. 

12. P'our treatment vats marie of Xova Scotia pine, 12 feet in diametefj 
and 18 inches deep. The capacity of each vat is 7 tons of ore which lies one 
foot deep in the vat. The length of treatment is 4S hours with a 0.15%, cyanide 
sohitirui of bromo-cyanide. The cost of the total bromo-cyanide treatment iBm 
$2.90 per ton uf conct-nt rates, including royalty, and the reeoveiy is 79% o^ 
the gnl<l value of the concentrates treated, or 14*;, of the gold value of the crude 
ore. The method is by percolation. P>om (11) and bromo-cyanide solution 
from (13); deliver filtrate to (14), and tailings, which run about *3 per ton 
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gold and represent 4% of the gold value of the crude ore» to waste. It is pro- 

po«*ed l-o send these tailings to (16). 
^L 13. Two storage tanks, 6 feet in diameter and 6 feet deep. Sahition is 
Hlways kept up to strength in these tanks by the addition of thp required amount 
^f i!itrong fresh Bolution as needed. From (15) ; deliver to (12), 

14. Four sump tanks, 6 feet in diameter and 6 feet deep. From (12); do- 
M|rerto (15). 
^P 15. Two zinc boxes, 12 feet long. From (14); deliver solution, via pump, 

to (13) and preeipitated gold to furnaee and thence to bank. 

16. Wilfley tables. * From (12) ; deliver conrentrates, running 40% in arsenic 

and about S6 per ton in gold, to market, and tailings to waste. 

This re-treatment, as shown under (16), was tried in 1907 and a KJO-ton 

trial shipment of arsenic coneentrates was made which yielded J535.69 per ton. 
^t is intended to carry on this treatment in the future as it adds about TiO cents 
K ton to the value of the crude ore. It is also proposed to install sixty new 
^■amps of 1,500 pounds weight per stamp. 



Water and Power, 



The water supply is practically unlimiterl a.s it comes from a large lake. 
About 400 hoi*se-power is required to ru!i the wh<ile plant. Water power is 
not avaiJablp, but duplicate electric generators of 700 horsp-power ea^'fi are 
being in&tal!e<l which will be run by steam engines. The various rnachines in 

rmiU w^ill ultimately be driven by individual motors. 
. Labor and Wages. 

The mill operates t wo shifts per 2 1 hours and requires 3 men on the day 

«ift and 2 men on the night shift. Wages vary from $40 to $65 per month ami 
e cost of milling, including operation and maintenance, is about 33 cents 
r ton. 
{ 1427. Mill No. 98. Hailk Gold Mining Comp.'LNY, Haile Gold Mine 
Post Office, Lancaster GnuNTY, South Carolina. — The cajjacity of this 
mill is 150 tons per 21 hours.''* The ore is siliceous and the economic mineral 
^B.goid which occurs free and in combination with iron sulphides. The problem 
^K to save the gold. The ore is taken in equal quantities from tlie two mines, 
^Bpguelin and Cross. 

^B At the Beguelin mine there is a Blake breaker with a jaw opening, S X 10 
^Hrhes, making 275 thrusts per minute, and a bin of 50 tons capacity. 
^V At the Cross mine there is a Blake breaker with a jaw opening, 8 X 16 
^■rhes, making 275 thrusts per minute, and a bin of KKJ tons capacity. 
^B The wearing parts of both breakers are made of manganese steel and have 
^Bt yet worn out, although run crmtinuously for 3 years and each han<lling 
fTrini GO to 100 tons of hard ore per 24 hours. The crushing at this point is 
crformed verj' cheaply. 

The ore from the two mine bins is trammed to (1) in 3-ton ears, drawn by 
small locomotive. 

1. Wooden mill-bin of .'iOO tons capacity so arrange<l that it can feed 30 
|.mps on either side. From the cars; delivers, via special distributing arrange- 

its, to (2). 

2. 8ixty stamps arranged 30 stamps in a row on eitlier side of the bin (1). 
be stamps weigh 7oO pounds each and make 00 0-inch drops per minute* 

leight of discharge, 3 inches, and screens 35-mesh, 30-wire cloth. Capacity, 
2.5 tons per stamp per 24 hours. There is no amalgamation inside the mortars. 
An average of about 16 gallons of water per minute per battery of 5 stamps 
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is required. Chrome-«teeI ehoes and dies having a life of 6 months, cast-steel 
cams and tappets and cast-iron stamp heads are used. From (1); deliver 
pulp to (3). 

3. Twelve amalgamation plates arranged in 4 steps, each 2 feet long, over- 
lapping 1 inch and representing 32 square feet of suiface. Slope 2 to 2.o inches 
to the foot. The 4 plates are interchangeable; when the apron plate is suffi- 
ciently charged with amalgam it is removed, cleaned, and changed to the la^st 
sluicing plate, the others being moved up» thus giving each a chance as apron 
plate. The plates are matle of silvered copp(*r and a very weak cyanitle solu- 
tion is used to clean them. The gold recovered is S80«fine and the richer tlie 
crude oi-e the higher the extraction made here. From (2); deliver amalgam 
to retort and pulp to (4). 

4. Riffled laundei>!. From (3) ; deliver amalgam to retort an<l pulp to (5). 

5. Seventeen Wilfley tables making 240 0.75 inch strokes per minute. The 
pulp contains between 4 and S% sulphides and the concentrates avxTagc 1.5 
ounces gold prr ton an<l vary between 1 ami 3 ounces. From (4); deliver 
concentrates to (6) an<l tailings to waste. 

6. Koasten Ynmi (.">); delivei's sulphur dioxide to atmosphere and roasted 
ore to (7). 

7. One-t<»n lead-lined barrels. Concentrates treated with 10 pounds of 
bleaching powder and 20 poumls of acid per ton. From (6); deliver to (S). 

8. Sand filters. Fi'om (7) ; deliver filtrate or gold solution to (9) and tail- 
ings to waste. 

9. Precipitation tanks. Gold precipitated out of solution by the addition 
of ferrous sulphate. From (S) ; delivers gold to bank and solution to waste* 

The mill feed assays between S2 and $4 p(M'*ton. 

The Wiiriey table tailings assay l>etween §0.40 and SI per ton. 

The chloi'iuatioii fetMl (roasted concentrates) assays fiom $25 to $60 per ton. 

The chlorination tailings assay from $1 to S2 jier ton. 

The chlorination extraction is from *Jo to \}S''^ and the fineness of the gold 
is from 95() to 090. The chlorination process used is that known as the '"Thies 
method.'' 

The mill runs 24 hours per day, 6 days a wt»ek, and there are requin^d to 
operate the entire mill, including foreman, engineer, concentrator man, and 
mill men, 6 men per shift of 12 houi-s. The wages vary from SI. 25 to S3 per 
day. 

The entire mill, including boiler, stamps, and concentrators, requires about 
250 gallnns cif water per minute. The water comes from a pond about one-half 
a mile fi'om the mill and enters the mill by gravity through a 10-inch square 
wooden flume and a wrought-iron pipe S inches in diameter. 

§ 1428. Mill No. 99. Sele.mde Silver Mill, Lebong-Donok, Sx^matra. 
— The capacity of this mill is about 2 J42 tons per month. '^' The ores contain 
considerable selenium and silver, a little iron, and about 80% of silica. One 
ore, treated in 1903, containerl an average of 1.33 ounces of gold and 12.37 
ounces of silver per ton; and an extraction of 71% of the gold and 50% of the 
silver was made. The total yearly extraction wtis valued at S714,5U0 which, 
minus a cost of treatment at $15.98 per ton, gives a net yearly profit of $190,008. 

The crude ore goes first to (1), 

1. Grizzly. From the mines; delivers ovei'size to (2) and undersize to (3). 

2. Breaker. From (1); ilelivers crushed ore to (3), 

3. Storage bin. From (1) and (2); delivers to (4). 

4. Automatic feeder. From (3); delivers to (5). 

5. Thirty-five stamps. From (4) and alkaline water from (15) and (19); 
deliver pulp to (6), 
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6. Amalgamated copper plates. From (5) ; deliver amalgam to retort and 
pulp to (7). 

7. Spitzlutten. From (6), (10), and (11); delivers first spigot to (8), second 
spigot to (23), and overflow to (14). 

8. Re-grinder for coarse sand. From (7); delivers to (9). ' 

9. Spitzlutten. From (8); delivers first spigot to (10), second spigot to 
(11), and overflow to (14). 

10. Double-deck round table. From (9); delivers concentrates to (12) 
and tailings to (7). 

11. Round table. From (9) ; delivers concentrates to (12) and tailings to (7). 

12. Muflle furnace. From (10) and (11); delivers roasted material to (13) 
and flue dust to (27). 

13. Amalgamating pans. From (12); deliver amalgam to retort and tail- 
ings to (16). 

14. Large spitzkasten. From (7) and (9) ; delivers spigots to (15) and over- 
flow to (19). • 

15. Collecting tank. From (14); delivers pulp to (16) and clear alkaline 
water to (5). 

16. Treatment tank. From (13), (15), (21), (24), and (26), aerated and 
cyanided; delivers to (17). 

17. Decantation tank. From (16); delivers gold and silver-bearing solu- 
tion to (18) and residue to (25). 

18. Zinc-precipitate boxes. From (17) ; deliver zinc-precipitated metals to 
(20) and solution to (21). 

19. Settling pond. From (14); delivers settled slimes to waste and clear 
alkaline water to (5). 

20. MuflBe furnace. From (18); delivers roasted material to (22) and flue 
dust to (27). 

21. Tank. From (18); solution brought up to standard and delivered to 
(16), (23), and (26). 

22. Melting furnace. From (20) ; delivers bullion to bank. 

23. Special grinder. From (7), (24), and solution from (21); delivers pulp 
to (24). 

24. Spitzlutten. From (23); delivers spigot to (23) and overflow to (16). 

25. Launder. From (17); delivers material to be hand ground and cleaned, 
the concentrates going to (26) and tailings to waste. 

26. Special grinder. From (25) and solution from (21); delivers to (16). 

27. Selenium extraction plant. From (12) and (20). 

B. 3. Amalgamation Followed by Concentration and Lixiviation of 

Tailings. 

MiUs 100, 101, and 102 serve as examples of this group in two districts. 

§ 1429. Mill No. 100. Mill of the Camp Bird, Limited, Ouray, Colo- 
rado. — This mill has a capacity of about 230 tons per 24 hours.** The ore 
treated consists in general of a white opaque quartz carrjing values in gold, 
silver, and lead.' The gold, forming 96% of the total values, occurs both in 
a free state in the quartz, and mechanically combined with metallic sulphides. 
The gold is very fine and it is rarely possible to see it in the ore. Its fineness 
is 720, the chief impurity being silver. Lead occurs as galena and this mineral 
carries the most of the silver values. Calcite occurs throughout the ore, but 
never in large quantities; rhodonite is abundant in certain portions of the mine. 
Among the metallic sulphides present, pyrite is the most conmion. Galena 
is present in sufficient quantities to make it of economic importance. Chal- 
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copyrite occurs sparingly, the percentage of copper in the ore being insignificant 
Sphalerite ocriirs with all .sulphides in a proportion somewhat in excess of galena 
Mugnetite occurs in exceedingly fine grains together with equally fine galena 
the mixture pro<lucing indistinct cloudy bands throughout the quartz. 

On the wholr* the ort^ may be considered ideal milling ore, yielding its value 
readily to amalgamation, concentration, and subsetjuent cyanide ti*eatmen^ 
of the tailings. 

Ore comes from the mine to the mill over a Bleiehert aerial wire-rope gravitj 
tram. The length of the tramway is slightly over 9,000 feet and the vertical 
distance between the two terminal stations k 1,350 feet. Ore from the tram- 
goes to (I). ■ 

1. Eight grij;zlies, 4 X 11.33 feet, wrtir 0,875-iBch tapering bars, 1.7a*inch^ 
spaces, and slopes of 45.0^. From tramway buckets; deliver oversize to (2) 
and undersizr to {3). 

2. Four Hlake breakers with 9 by 15-inch jaw openings, breaking to 1 Jjj 
inches. Jaw plates are made of chrome steel, weigh 350 pounds when new| 
last 6 months, and weigh 150 pounds when changed. From (1) ; deliver crushe 
ore to (3). 

3. Tw^o w^ooden storage bins each 92.G7 feet long, 19 feet wide, 18.75 fe 
deep in front, 5.33 feet deep in the back, and having bottoms sloping at 58* 
Capacity of each 507 tons. From (I) and (2); deliver to (4). 

4. Twelve Acme on:! feeders. Suspende<4 from tracks and capable of being 
moved away from Ihe batteries when so desired. Positive feed. From (3)^ 
deliver to (5). 

5. Twelve Allis-Chalmei-s 5-stamp batteries. The stamps weigh 1,050 
pounds each, drofj from 5,5 to S inches 1(X> times per minute in the order 1, 3, 5^ 
2, 4, m\f\ have a discharge height of 4 inches. The capacity of each stamp 
is 3.875 tons dry weight per 24 hours, through 26-mesh, 29-wnx' cloth srreensJ 
each of which has a life of 72 hours. Each stamp requires 5 gallons of wat«f 
per minute and 1,75 horse-power. Concrete piers are raised on soliil rockJ 
blasted out to grade, superimposed by 5-ttm anvil blocks, which form the fouM 
dation for the mortars. Anclior bolts are set in the solid roc^k from 20 to 2f 
inches deep, extending through the piers into lugs cast on the anvil block 
for same. The mortars are bolted to the anvil blocks. Thcie are 0,25-iDclj 
rubber gaskets under the base of both the anvil blocks ami mortars. Fron 
(I) and water from (27) and (28); deliver pulp to (0). 

6. Twelve amalgamating plates, silver-plated copper, 4.33 X 24 feet witlj 
slope of 1.75 inches to the foot. Plates are cleaned twice every 24 hours witl 
ordinary amalgam rubbers, supplemented by a case knife where amalgam 
hard, liringing the amalgam to the head of the plates. From (5); deliver pulp 
to (7) and amalgam to retort. 

7. Twelve sand traps, 4.33 feet long by 6 inches wiile, tapering to cent 
and outlet, to which is attached a 2.5-inch pipe. From (6) ; deliver sand to (IC 
and pulp to (8). 

8. Twelve east-iron quicksilver traps, 2 feet in diameter and 18 inches deep 
resting on a cast-iron base frame 17 inches high. The sitles of the traps ar 
0.625 inch thick anti the support iron is 2 inclies thick. Each has 3 wooden 
mullei*s revolved by means of gears and pulleys to agitate the pulp, MuUer 
can be raised or lowered by a hand wheel on top and the traps can be emptie 
by removing a plug in the bottom. From (7); deliver quicksilver to (9J an<| 
pulp to (14), 

9. Twelve quicksilver-trap boxes, 30 inches long by 16 by 14 inches. FroD 
(8); deliver quicksilver to (11). 

10. Sand bin, 4 feet long by 30 X 30 inches. From (7); delivei-s to (11). 
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11. Two Allis-Chalmers 36-inrh clean-up pans. Charges 100 pounds, additions 
^ery 6 houn^, withdrawals previous to eatfh charge, quicksilver added as neres- 
iry, and amalgam recovered once a week. From (9) and (10) and water from 
17) \ deliver to (12). 

12. Quicksilver trap^ 2 feet in diameter. From (11); delivers sand to (13) 
and, aft^r the amalgam is removed, the cjuicki^ilver is ready for use again in 
the batteries or on the plates. 

13. V-shaped settling tank, 12 feet long by 7 feet wide on top and 10 inches 
on the base, by 6 feet deep. From (12); delivers settled sands to (24) and 
overflow to (25)* 

14. Twenty-four 6-foot Frue vanners with smooth belts traveling 40 inches 
er minute and making 1S6 1-inch throws per minute. Have slopes of 4.5 
aches for coarse material and 3.5 inches for line materiaL Each vanner re- 
quires from 2 to 3 gallons of water per minute. From (S) and water from (27) ; 

eliver concentrates to (24) anrl tailings, via launder, to (15). 

15. Four elevators with riveted steel buckets, X S X It iiirbes, bolted 
onto rubber belt-s, 18 inches apart. Speed of belts 400 feet per minute. From 
(14) ; deliver to (16). 

16. Spitzkasten, 28.75 feet long^ 6 feet wide at the top ami 1 foot at the base, 
6,167 feet deep. From (15) and (27); delivers spigot of coarse material to 

17) and overflow to (22). 

17. Five 5-foot Huntin^^on mills crushing through wire-cloth screens 
llaving 35 to 40 meshes to the incli and a life of about 72 hours. From (16) 
and water from (27) and (28); deliver pulp to (IS). 

IS, Ten amalgamated copper plates, 4 X 16 feet. From (17); deliver 
amalgam to retort and pulp to (HI). 

10. Two elevators. From (is); deliver to (20). 

20. Dewat^ring box, 10,417 feet long, 6.167 feet wide at the top and 10 
inches wide at the base, by 6.083 feet deep. From (19); delivers spigot to 
(21) and overflow, via tailrace, to cyanide plant. 

21. Six 6-foot Frue vanners with smooth belts traveling 36 inches per 
minut4* and making 182 1-inch throws per minute. Have a slope of 3.25 inches. 
Each vanner requires from 2 to 3 gallons of water per minute. P'rom (20) and 

raier from (27); deliver concentrates to (24) and tailings^ via laimder^ to 
f^anide plant. 

22. Spitzkasten. From (16) and (27); delivers spigot to (23) and overflow, 
ia tailings race, to cyanide plant. 

23. Ten No. 5 Wilfley tables making 240 throws per minute, each from 
L525 to 0,875 inch in length with an average of 075 inch. Each table requires 

?m 2 to 3 gallons of water per minute and 0.75 horse-power. From (22) and 
rater from (27) ; deliver concentrates to (24) and tailings, via launder, to cyanide 
lant. 

21, Drier bin. Bin with 2-inch steam pipe system in it which dries the 
aoisture out of the concentrates down to 5' ; . From (13), (11), (21), (23), 
55). antl (31) ; delivers concentrates, via cars, to smelter. 

25. Four settling boxes to receive drainage from floors and (13). The 
>xei* are situated in the aisles between the rows of concentrators and are 3 
et Hide by 2 feet deep, and extend the full length of the concentrating depart- 
pnt. Deliver settlings to (24) and overflow water to waste. 

26. Water tank with a capacity of 50,000 gallons for use in case of fire. 
[>m dam; delivers overflow to (27). 

27. Clear-water tank with a capacity of 12,000 gallons. From (26); de- 
iren*, via four separate 4-inch mains, to (5), (11), (16), (22), (29), and to 
jranide mill; also, for sluicing purposes^ to (14), (17), (21), and (23). 
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2S. pirty-watcr tank with a capacity of 12^000 gallons, Frotri pump maiij 
of cyuriide plant; dclix'ei-s water, free of eyaiiitle, to (5) and (17). 

29. Tank with a capacity of 50 gallons. From (27) and (33j ; delivers to (30). 

30. Triplex pump, 3x3 inches. From (2^); delivers to (31), 

31. Water-tube boilers. From (30); deliver to (24) and (32). _ 

32. Coils which heat the mill and (24). From (31); deliver to (33). ■ 
H 33. Vacuum pump. From (32); delivers to (29). 

H Three S-hour shifts are employed 7 days in the week on the San Juan wage 
schedule. 

The saving cfTeeted, including that by cyanidation, during the past 5 yeara 
averages a little better than 03.5% of the assay gold value of the ore, which 
k nearly 9i\% of the total values. 

The concentrates vary in gold from 1.75 to 4.5 ounces per ton, in silver 
from 9 to 17 ounces per ton, and in lead from 10 to 17%. They carry a very 
small percentage of copper and the average analysis approximates: 

SiOj, 20%; Fe, 16%; and Zn, 15%. 

f 1430. Mill No. VOL Combinatton Mill of the Goldfield Consoli- 
dated Mines Company, Goldfield, Nevada.-^^^* — The mill has an approxi- 
mate capacity of 100 tons per 24 hours.'"* The ores treated are mixed sulphides 
and oxides from the lower aud upper workings^ and no efTait is made to keep 
them separate. The gangue is a silieified dacite, or altered country rock, there 
being no visible demarcation of vein ouitter. Both the fine gold and the sul- 
phides are very finely desseminated throughout the gangue, and but a small 
portion of the values are freed until all is ground sufheiently fine to pi\ss a 150- 
mesh srrci^n. The problem is to save the economic minerals, gold and silver. 

The ore goes from the bins to (1).*^ '* 

1. Twenty gravity stamps, each weighing about 1,200 pounds when new 
and nuiking 1 10 6-ineh dro^js per minute. The mortar box is 1 1 inches wide by 
51 inches long, inside dimensions at the bottom^ and 13 inches wide by 54 inches 
long at the discharge. The bottom is 6 inches thick and has a false die 2 inehee 
thick. The stems are 3.625 inches in diameter and 12 feet long. Paehuca 
cams are used which have a radius of 15 inches, a bore of 5 inches, and a hub width 
of 5.5 inches. The heads are 1K5 inches in diameter and 24 inches long. The ore 
is crushed through 16-mesh, 22-wire Tyler doubk'-crimpeil screens. From the 
bins; deliver pulp to (2). 

2. Four amalganuiting plates divided into three sections, each 3.33 feet long 
by 4.5 feet wide, sloping 1.75 inches to the foot. Cleaned up every ihiy by moist- 
ening with quicksilver, scraping off the amalgam with a steel amalgam-knife, 
scouring with a fine-grained common red brick to loosen the crystalline amal- 
gam, and finishing with a whisk broom. The plates are dressed twice on each 
shift by adding the necessary mercury and brushing with a whisk broom* 
Thirty-two percent of the values are extracted here. From (1); deliver amal- 
gam to retort and pulp to (3). 

3. Three-inch Krogh centrifugal pumps having speeds of 650 revolutions 
per minute and lifts of 20 feet. The casings and impellei's have a life of 10 to 
12 months. From (2); deliver pulp lo (4). 

4. One 4-foot e{>ne classifier having a rising current of 7 feet per minute. 
From (3) and (6); delivers spigot to (5) and overflow to (7). 

5. Two .\bb6 tube mills, one 4 feet in diameter and 12 feet long with a 
capacity of 25 tons per 24 hours, and the other 4 feet in diameter and 16 feet 
long with a capacity of 30 tons per 24 houi-s. Each is lined with silex brick, 
consumes 1.25 pounds of pebbles per ton of ore, and makes 26.3 revolutions 
per minute. From (4) ; deliver pulp to (6). 



6. One 3-inch Krogh centrifugal pump with details as in (3). From (5); 
delivers to (4). 

7- Six amalgamating plates divided into six spfHions each 2 feet long by 
4,5 feet wide, sloping 2 inches to the foot. From (4) ; deliver amalgam to retort 
and pulp to (S). 

8. Pointed box classifiers. _ From (7); deliver coarser spigots to (9) and 
finer spigots to (12). There is no overflow. 

9. Pointed box classifier. From (8); delivers spigots to (10) and overflow 

10. Four Frue vanners» 6 feet wide, making 185 1-inrh throws per minute. 

Era (9); deliver concentrates to (31) and tailings to (24). 
i 1. Three vanners, one Frue with dettiils ais in (10) and two Triumph vannei's, 
^t wide, making 210 0.875-ineh throws per minute. From (9J ; deliver con- 
tra ti*s to (31) and tailing.s to (24). 
12. Twenty-four canvas tables, 12 X 12 feet, having average slope of L375 
les to the foot. Each table has a capacity of L5 tuns per 24 hours. Froin 
^5j; deliver concentrates to (13) and tailings to (17). 

13. Two rectangular pointed boxes, arranged in series, the overflow of the 
first running into the second. The fii-st is used as a combination classifier and 
pulp thickener, and the second as a settler only; the effort b(*i ng to settle as 
much of the solids as possible. From (12); the first box delivers its spigot, 
via a 0.25-inch hole in an iron plug, to (14), and the second box delivers ita 
8pigot to (16) and the overflow to (17). 

14. One Triumph vanner, 5 feet wide, making 200 075-inch throws per 
minute. From (13); delivers concentrates to (15) and tailings io (17). 

»15. One Triumph vanner with details as in (1 4). From (14); delivers eon- 
ntrates to (31) and tailings to (17). 
16* One Triumph vanner, 5 feet wide, making 212 0,025-inch throws per 
inute. From (13); delivers concentrates to (31) and tailings to (17). 
17. Two 3-inch Krogh pumps with details as in (3). From (12), (13), 
4), (15), and (10); deliver to (IS), 

15. Six slimes settlers, four 12 feet in diameter anil feet tleej), and two, 
16 feet in iliameter and S feet deep. From (17) ; deliver thickened pulp^ having 
a s|>ecifie gravity of 1.3, to (19) and the clear water overlfows tt> the mill sys- 
tem again. 

19. Three wooden agitators, two 10 X 14 feet and one 12 X 18 feet, with 
nical bottoms. Each has a vertical shaft in the center to which are attached 
arms making 9 revolutions per minute. Attaclietl to each agitator is a pump 

)) which returns the pulp over and over again. 

This agitation is kept up from 12 to 24 hours. The solution has a consist* 
icy of 2 tons of solution to 1 of tiry slimes. Its strength is 1 pound of KCN 
r ton of water. From (18) and (20); deliver to (20). 

20. Three 3-inch Krogh centrifugal pumps witli details as in (3). From 
9); deliver either to (19) or (21). 

2L Two slimes storage tanks, 16 feet in diameter and 14 feet deep. From 
I); deliver, periodically, to (22). 

22. Two Butter*s filter boxes/ one 10.5 feet wide by 11.5 feet long by 12 

p nnd the other 10.5 feet wide by 12 feet long by 12 feet deep, containing 

and 30 filters respectively, each filter being 5 feet deep by 10 feet long. After 

filtering, the slimes cake is washed on the filters. Th< n water is run into the 

inside of the filter and the slimes cake drops to the bottom of the box, in whieh 

an *^'?nch gate is opened to allow the pulp to go to waste. It requires 3.75 hours 

niplele each cycle, that is, to form cake, change pulp for water, wash, ami 

u.. :.arge. From (21); deliver the effluent solution to (23) anil pulp to waste. 
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23. Smith-Vaile filter press for clarifying solutions. It contains fifty 32- 
inch plates and 1.5-inch distance frames. From (22) ; delivers clean gold-bearing 
solution to (26), 

24. Eight sand-collecting tanks, 4.5 feet deep by 16 feet in diameter. Pulp 
is treated for 4 dayn with a Oi)l % solution or 0.8 pound KCN per ton of water. 
During this time the pulp has a consistency of 2 tons of solution to 1 of s an vis 
and each tank has a capacity of about 41 tons of sand. From (10) and (llj; 
deliver filtrate to (20) and pulp, via shovels, to (25). 

25. Eight sand tank.s below and with details as in (24). Pulp is treated 
for 4 days with a 0,1% solution or 2 pounds KCN per ton of water. During 
this time the pulp has a consistency of 2.o tons of solution to 1 of sand. After 
filtering, the pvilp is again treated with a weak solution, as in (24), for 3 or 4 
days, followed by washing for 14 houn?. From (24); deliver ail filtrates and 
gold-bearing solutions to (2t>) and pulp, sluice<l to waste. 

26. Three gold-solution storage tanks. From (23), (24), and (25); deliver 
to (27). 

27. Four /inc-precipitating boxes. (27) and (28) u.se 0.27 pound of zinc 
shavings per ton of solution anil 2.5S pounds of nine shavings per ounce of fine 
gold. From (26); deliver precipitates to (29) anil solution to (2s) or (30). 

28. Four zinc-prt'cipitating boxes with tletails as in (27). From (27); 
deliver precipitates to (2^J) and solution to waste. 

29. Clean-yp room. From (27) and (28). The precipitates are cleaned 
up once each month by giving a sulphuric acid treatment. They are then 
dried, and melted down in a Faber du Four furnace and the bullion shipped to 
the mint. 

30. Four sump tanks. From (27) ; deliver to system again, 

31. Concentrates bin. From (10), (11), (15), and (16); delivei-a to smelter. 
All tanks and pulp receptacles are of redwood. 

Originally WilHey slimera treated the re-ground material from (5), These 
proved mechanically unsatisfactory and the amalgamating and canvas tables 
were substituted. 

The crude ore varies considerably in value. In March, 1908, it ran $35 per 
ton, and in April, .f27.60. The tailings for these 2 months ran S2.33 and $1,304 
respectively. The concentrates vary from SI 60 to $600 per ton. Following 
are analyses of the concentrates made from Mohaw^k and Combination sulphide 
ores on the vanners and canvas tables: 
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This mill runs three S-liour shifts per day, 7 days per week. 
35 men are employed around the mill, including the foremen. 
The following wages are paid: 



A total of 
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Batterymen $4.50 per day of 8 hours. 

Amalgamators 4.50 " '' '' '*' 

Concentrator men 4.00 ^* '' '' " 

Solution men 4.50 " " " " 

Canvas plant men 4.00 '' " " " 

Filter men . 4.00 '' " " " 

Crusher men 3.75 ** '* '' " 

Sand shovelers . . 3.75 " *' *' " 

Common labor 3.50 '' '' " " 
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Elcctrie power is used to operate the mill to the amount of 19€ horse-power. 

f 143 L Mill No. 102. Ciij5iTOM Sampler and Mill of the Nevada 
GoLDPiELD REDurnoN Companv, Goldfikld, Nevada.'*-* — The sampler has 
a eapacity of 5U0 tons per 24 hours anci the mill a r^apaeity of 1(X> tons."' The 
ores treated vary in character ami value ninsiilerably. The entire milling ore 
is ground to pa8i; a 100-m<^sh sermi anil from 20 to 30% of the coiirt^tT material 
is :?eparHted and treated in leaehing tank^ while the i^liiiies are treated by vacuum 
filten;^. The problem it* to save the eeonomie minerals, gold and silver. Ore 
is delivered, via rail and wagon, to (1). 



Sampling Plant. 

1. Two lines of receiving bins of 84>0 tona eapacity* One line on eaeh side 
of the ground floor. One side for cars and the other for wagons. From the 
minesi; deliver to (2). 

2. McCally g^Tatory rock breaker, No. 4. From (1); delivers crushed rock 
to (3). 

3. Vertical belt elevator with a capacity of 50 tons per hour, and elevating 
the ore ^15 ft^et. From (2); ilelivers to (4). 

4. V*exin sampler. From (3j; delivers sample to (5) and reject to (12), 

5. F, M, Davis rolls, 14 X 3U inches. From (4); deliver crushed ore to 

m. 

6u Elevator^ 72 feet long. From (5); tlelivers to (7). 

7. Veuin sampler. From (G) ; delivers sample to (8) and reject to (12), 

S. Hendrie-BoUholT Maimfacturing Company coarse rolls, 8-inch face. 
From (7) ; «h4ivL'r crushed sample to a flour where it is quartered twice. The 
sample is sent to (!JI and the reject to (12). 

9. Fine rolls in l fie sample room. From (8) ; deliver crushed sample to a 
floor wliere it is quartered twice. The sample is sent to (10) and reject to (12), 

11), (iyratory Grinder. From (9); delivers crushed sample to a floor w4iere 
it is quartered to 2 pounds. The sample is .sent to (11) and reject to (12). 

11. Disc pulverizer and bucking board where the sample is reduced to 100 
mesh. Fnmi (10); delivei*s pulp, as a control sample, to assaver, 

12. Robins belt conveyor, 20 feet long. From (4), (7), (8),^ (9), and (10); 
delivem to (13). 

13. Bifurcared chute. From (12); delivers to (14) and (15). 

14. Six storage binii for mithng ore. Each holds 70 tons. From (13); 
delivej^ to (16), 

15. Eight€?cti-inch Robins belt conveyor, 1 15 fi^t long. From (13) j delivers 
to (17), 

16. Feed gates. From (14): deliver to (18), 

17. Twenty storage bins for shipping ore. Each holds 45 tons. From (15); 
deliver, via gates, to ears and thence to smelter. 



1630 ORE DRESSING. MiLL 102. { 1431 

Concentrating Mill. ■ j 

18. Four Challenge suspended feeders. From (16); deliver to (19). 

19. Twenty stamps each weighing 1,250 pounds and stamping^ with a dilute 
cyanide solution, in an M. P. Boss battery. From (18) and solution from (44); 
deliver amalgam to the refinery building and pulp to (20). 

20. Four amalgamating plates. From (19); deliver amalgam to refinery 
building and pulp to (21). 

21. Eight Wilfley tables. From (20); deliver concentrates to (22), coarser 
tailings to (23), and finer tailings and slimes to (24). 

22. Concentrates bin. From (21) ; delivers concentrates, via cars, to smelter. 

23. Allis-Chalmers tube mill, 5 X 22 feet. From (21) and (29); delivers 
pulp to (24). 

24. Two amalgamating plates. From (21) and (23); deliver amalgam to 
the refinery building and pulp to (25). 

25. Three 54-inch Frenier spiral sand-pumps with a 20-foot lift. From 
(24); deliver to (26). 

26. Three 54-inch Frenier spiral sand-pumps with a 20-foot lift. From 
(25); deliver to (27). 

27. Six wooden Spitzlutten, each 2X2 feet with the sides sloping at 30° 
angles and wedge-shaped. From (26) ; deliver spigots to(28)and overflows to (30). 

28. Sizing Spitzkasten with 4 spigots. From (27) ; deliver the first spigots 
to (29) and the remainder to (30). 

29. Wilfley table. From (28) ; delivers concentrates, via sacks, to smelter 
and tailings to (23). 

30. Eight Frue vanners. From (27) and (28) ; deliver concentrates, via 
sacks, to smelter, tailings to (31), and slimes to (32). 

31. Leaching plant composed of eight tanks, 22 feet in diameter and 5 feet 
deep. The upper four tanks are used for collecting and treatment while the 
lower four are used for double treatment. From (30); delivers solution to 
(38) and tailings to dump. 

32. Collecting tank for slimes, 24 feet in diameter by 16 feet deep. From 
(30); delivers pulp to (33) and overflow to (45). 

33. Three agitating tanks, 24 feet in diameter and 16 feet deep. From 
(32); deliver to (34). 

34. Storage tank for filters, 20 feet in diameter and 22 feet deep. From 
(33) and (36); delivers to (35). 

35. Three Butters vacuum-filter boxes with 16 leaves each. From (34), 
(36) , and (42) ; deliver filtrates to (37) and the residues to waste, or occasionally 
to (36). 

36. Auxiliary agitating plant with twelve tanks, 8 feet in diameter and 
12 feet deep. Agitate with a steering gear and a 4-inch centrifugal pump. 
From (35) and (46); delivei-s to (34) and (35). 

37. Gold-solution storage tanks. From (35) via vacuum pumps; deliver 
to (38). 

38. One 5-ton American filter press. Remodeled by E. S. Leaver for 
clarifying solutions. From (31) and (37); delivers clear solution to (39), 
slimes and residue to waste. . 

39. Zinc-precipitation boxes. From (38); deliver gold and silver precipi- 
tates to (40) and barren solutions to (42) and (43). 

40. Acid-refining tank, 6 feet in diameter and 8 feet deep. From (39); 
delivers to (41). 

41. Small Davis filter press. From (40); delivers the precipitate cake to 
the refinery building for drying, fluxing, and melting. 
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42. Weak barrrn-solution sump tank^ 24 foot in diameter and 6 feet deep. 
From (39); delivers to (35) for wa^kingi: purposf^a and to (44). 

43. Strong barren-eolution sump tank. From (39); dolivers to (44). 

44. Batterj^HSolution tank. From (42), (43), and (46); delivers, via gravity, 
to (19). 

45. Decanted-solution tank. From (32) and (46); delivers, via pump, 
to (46). 

46. Large rectangular settling tank with a wed;Lce-sbiipod l>t)ttoni, 10 X 45 
X 15 feet dec*p. From (45); delivers .spigot to (3G) and overHow to (44) and 
(45). 

Costs of operating are ver}^ high, due to the high cost of power, water, and 
labor. 

B. 4. Amalgamation Follow^ed by Lixiviation and Concentration, 

Exemplified by Mill 103 covering Colorado practice. 

5 1432. Mill No, 103. Liberty Bell (Jold Mining Company, Telluride, 
Colorado. — The ore treated consists of gold and silver partly free and partly 
eond>ined with sulphides, disseminated throughout a qujirtz-calciti* ganguo.^' '*'* 
In many of the stopes the vein filling is wholly caleito, in some wholly quartz p 
unci in others the two are mixed in bands of varying thickness. Much of the 
ore consists of attrition breccia, the voids being filled with calcite and quurtz. 
Again, some of the ore consists wholly uf triturated country rock, in which the 
mineralizing solutions have deposited gold and silver without any cementing 
calcite or quartz. The value of this latter ore ran only be detemiiuetl by assay, 
and the re^^uhs of such assays decide which is and whicli is not ore. The gen- 
eral practice is to take all the vein filling and send it to the mill, as the vlJucs 
have been deposited in such an erratie ami spotty way that stcjjje assays prove 
unreliable. For example, it hius been foun<l that stopes which average only two 
or threes dollars per ton upon sampling yielilcd a fair profit when tlie on^ was 
8«*nt throtigli the niilh The value of the ore inilled varies, but generally lies 
between eight and twelve dollars per ton, 

The mill handles an average of 3.')0 tons of ore per 24 hours, but this amount 
cjwn be varied, at will, from 3(M) to 4(1(1 tons by changing the size of the screens 
iwed in the batteries. 

At the mine the ore is run over 4 grizzlies, approximately 10 X 12 feet, 
arranged two in a series. The first grizzly has 3-iiich spaces, and the second 
10-inch spaces, between bars. TIk* fiuQ ore through the first griiizly goes, via 
aerial tram, to (4) , while rocks larger than 10 inches are brok(^n by hand hammers 
and go with the undersize of the coarse grizzly, via aerial trams, to (1). 

I- Grizzly, 3X3 feet, bars 3 feet long, 1 inch thick, and 2 inches deep 
placed 3 inches apart, slope 45°. From the mine; defivers oversize to (2) and 
uudersire to (3). 

2, Blake breaker with a jaw opening 9 X lo inches, making .50 thrusta 
per minute and set to break to 3-inch cubes. From (1); delivers to (3), 

3, Bolt conveyor. Carriage furnished by the Jeffrey Manufacturing Com- 
pany; and bc4t, by the Boston Belting Company. Tiie belt is 22 inches wide, 
6 ply. travels 229 feet per minute, and hiis a life of 6 months. From (1) and 
{2);d sore to (4). 

4, a ore-bin, 133 feet long by 22 feet wide, with bottom sloping at 
45* and having a capacity of l/>0O tons. From (3) and mine; delivers ore, 
via 16 Challenge ore feeders, to (5). 
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5. Eighty gravity stamps arranged in 16 5-stamp batteries. The stamps 
weigh S50 pounds and drop through a distance of 7 int'lies, 100 times per minute. 
The height of discharge is from 2 to 4 inches. 4.4 ions of ore per stamp are 
cmshed, pi*r 24 hours, through steel wire screens having 16 m€*shos to the inch 
and of number 23 wire. Screens hist 10 days. Shoes wear 5 months; and dies, 
2 months. No quicksilver is used in the batteries. From (4) and {15); deliver 
pulp to (tV). 

0. Sixteen cftpper amalganmting-plates. From (5) ; deliver pulp to (7) and 
amalgam to retort and thence to mmt. Plates are 8 feet long and 4 feet 8 
inches wide. 

7. Twelve east-iron mercur}^ traps with one fixed and two movable par- 
titions. From (0) ; deliver overflows to (8) and amalgam to retort and thence 
to mint. 

S. Two Dorr sizers and one cone ckssifier. The sizers are 8.5 X 2.67 feet. 
From (7); deliver spigots to (9) and overflows to (10). 

9. Three tube mills. Shells are 22 feet long by 5 feet in diameter. They 
make 25 revolutions per minute, and have a capacity of 90 to 100 tons per 24 
hours. They consume 1.(3 pounds of pebbles per ton of material crushed. 
Linings are of silex brick^ 4 inches thick, and last 18 months. Only two mills 
are used at one time, the third being heltl in reserve. From (8) and (13); 
deliver pulp to (10). 

10. Twelve copper amalgamating-plates. From (8) and (9) ; deliver pulp 
to (11) and amalgam to retort and thence to mint. Plates are 8 feet long by 
4 feet 10 inches witle. 

11. Twelve cast-iron mercur}^ traps with details same as (7). From (10); 
deliver overflows to (12) and amalgam to retort and thence to mint. 

12. Two 0-foot steel-cone settling tanks of the Callow type. From (11); 
deliver spigots to (13) and overflows to (14). 

13. Elevator with 0-ply belt, 00 feet hjng anil 10 inches wide. The belt 
has a speed of 450 fc^et per minute and a life of about months. Buckets are 
6.75 X 4.25 inches, spaceil 12.75 inches between centers and have a life of about 
18 months. From (12); delivers pulp to (9). 

14. Five redwood scttling-lanks, 33 feet in diameter and 9.5 feet deep, 
having a capacity of about 50 tons of ore^ as a 5 to 1 pu!p. From (12) and (16); 
deliver pulp to {20) and overflows to (17). 

15. Battery -solution storage tank, 20 feet in diameter and 15 feet deep 
with a capacity of 147 tons of solution. From (23); delivers weak cyanide 
solution to (5) and (10). 

IG. Lime nu\er. From (15); delivers to (11). 

17. Sobitinii sf^tthng tank, 33 feet in diameter and S feet deep with a capacity 
of 214 tons of solution. From (14) ; delivers overllow to (18). 

18. Solution storage tank. From (17); delivers, via bottom discharge, 
to (19). 

n*. Pump, 8 inches in diameter with a 10-inch stroke. From (18); delivers 
10 (20). 

20. fiokl^solution storage tank. From (19); delivers to (21). 

21. Twelve zinc-precipitating boxes, 3 feet 5 inches long, 2 feet 2.5 inches 
w^ide, and 2 feet 10 inches deep. Use 0.22 pound of zinc shavings, cut from 
No. 9 sheet zinc, per ton of solution treated. From (20) and (29) ; deliver solu- 
tion to (22), excess solution to (24) anil prer-ipitate which is treated w^ith 
sulphuric acid, washed, dried, fluxetl, melted, and then shipped to the mint. 

22. Two solution storage tanks. From (21) and (25); deliver to (23). 

23. Byron Jackson centrifugal pump with east*iron liners which have a 
life of about 18 months. The pump lifts 80 feet. From (22); delivers to (15), 
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24. Four wash tanks. From (21) and waiter from water storage tank which 
•is fed by an external pipe hne; deliver to (25)* 

25. Byron Jackson centrifugal pump with details same as (23) and lifting 
SO feet, 'From (24); delivers to (22). 

26. Six 17-foot cone-bottom agitato!;s. From (14); deliver to (27). 

27. Krogh centrifugal pump witli 5-inch cast-iron liners which have a life 
of about 4 njonthri. The pump lifts 30 feet. From (26); delivers to (28), 

2S. Equalizer tank, 20 X 13 feet with a capacity of 147 tons of sohition. 
From (27) ; delivei^ to (29). 

29. Three loading tanks. From (28); deliver filtrate to (21) and slimes to 

^0. Byron Jackson pump with 4-inch sheet-steel liners which have a life of 
6 weeks/ The pump lifts 40 feet. From (29); ilelivers to (31). 

31. Classifying tank. From (30); (k'livfr.s spigot lo (33) and overflow to 
(32). 

32. 120 Canvas tables, 4 X 12 feet, A 16-ounce duck, which costs 5.5 
cents per yard, is used. The material has a life of 1 year. From (31) and (37); 
deliver concentrates to (36) antl tailings to (40). 

33. Ten No. 5 Wilfley tables making 21M) 0.5-inch strokes per minute. Each 
table treats about 20 tons of ore per 24 hours. From (31); deliver concen- 
trates to (39), middlings to (34), and tailings to (40). 

34. Wilrtey table with details same as (33), From (33); delivers concen- 
trates to (39) and tailings to (35). 

35. Elevator with (i-ply belt, 58 feet longhand inches wide. The belt has 
a speed of 096 feet per minute and a life of 1 year. Buckets, 5 X 3 inches, are 
placed 6 inches between centers and have a life of about 3 years. From (34) ; 
delivers to (36). 

36. Classifier with 5 spigots. From (32) and (35) ; delivers spigots to (38) 
and overflow to (37). 

37. Elevator with 6-ply belt, 65 feet long, 10 inches wide, and traveling 689 
feet per minute. The life of the belt is about IS months. Buckets, 9X5 
inches^ are placed 6 inches between centei^ and have a life of about 2 years. 
From (36) and (38); delivers to (32). 

38. Five 6-foot vanners with end shake. From (30) ; deliver concentrates 
to (39) and tailings to (37). 

30. Wooden concent rates4)in, 24 feet long by 10 feet wude with bottom 
sloping at 45^. The bin has a capacity of KM) tons. l:rom (33), (34), ami (38) ; 
delivers, via tram cars, to railroiul cars and thence to smelter. 

40. Tailings launder. From (32) and (33) ; delivers to waste via creek. 

This plant uses the Moore filter press system. Regarding it, Mr Nutter, 
supt*rintendent of the company^ says, '* the Moore plant wii^ put into cummission 
I about the middle of May, 1905, and since then has treated appn»xiouit<'ly 
! 225,000 tons of slimes. At the present time it is treating in excess of 9,00<J 
I Ions per month, with 5 sets of filters, each contjiining 66 leaves, 6X8 feet. A 
I complete cycle of operations takes about 2 hours.'' 

I '*From time to time determination of the soluble gold left in the tailings 
I have been made and it runs about O.CK)25 ounce per ton of solution. The solu- 
! tion also has about 0.03 ounce of soluble silver left in it per ton." 

The mill is operated throughout on an 8-hour shift basis with 3 shifts per 
day. The plant runs continuously unless stopped by break-down or accitlent. 
There are only two regular stops throughout the year, Fourth of July and 
Christmas being observed as holidays. 

The ininimura rate of pay is $3 per shift and varies up to $5 for foremen. 

Four men per shift are employed on the batteries and tube mills, 3 men 
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per shift on the settlers, agitators, and filter plant, 1 man per shift on the van- 
ners and Wilfley tables, 1 repair man on day shift, from 1 to 3 men per shift 
on the canvas tables, 2 men per shift in the precipitation plant, and an extra 
man when cleaning up. 

During most of the year the supply of water is ample for milling purposes 
and during the summer months a portion of the stamps are run by water power. 
During January, February, and March, however, economy must be exercised 
in the use of water and there is no over supply for power. Electricity is pur- 
chased from the Telluride Power Company, which has ample capacity to supply 
all needs. The power consumed by the various machines is as fgllows: 

Breaker (2) 30 horse-power 

Conveyor (3) 4 

Stamps (5) 175 

Tube mills (9) 45 

Pump (25) 10 

Agitators (26) and Krogh pump (27) . . 45 

Pump (30) 17 

Wilfley tables (33), (34), and vanners (38), etc., 20 horse-power. 



to run and 90 horse- 
power to start. 



B. 5. Amalgamation Followed by Lixiviation. 

Mills 104, 105, 106, 107, 108, 109, and 110 are typical of this group in four 
districts. 

§ 1433. Mill No. 104. Piitsburg-Silver Peak Gold Mining Company, 
Blair, Nevada.*'* — The ore •* is a white crystalline quartz containing from 1% 
to 2% of lead and iron sulphides. Considerable gold with a little silver con- 
stitute the economic minerals. The problem is to save the gold and silver. 

Rock House. 

1. Receiving bin. From the mine; *^ delivers to (2). 

2. No. 6 breaker. From (1); delivers crushed ore to (3). 

3. Elevator. From (2); delivers to (4). 

4. Grizzly. From (3); delivers undersize to (6) and oversize to (5), 

5. Two No. 3 breakers. From (4); deliver crushed ore to (6). 

6. Bin. From (4) and (5); delivers to (7). 

7. Aerial tramway. From (6); delivers, via bin and gates, to (8). 

Stamp House. 

8. Conveyor. Runs the entire length of (9) and discharges by automatic 
tripper. From (7); delivers to (9). 

9. Battery bin. From (S); delivers to (10). 

10. Twenty automatic feeders. From (9); deliver to (11). 

11. One hundred stamps in 20 batteries arranged in 10 pairs. Stamps 
weigh 1,050 pounds each. From (10) and (32); deliver pulp to (12)^ 

12. Twenty amalgamating plates. From (11); deliver amalgam to retort 
and pulp to (13). 

13. Two settling cones. From (12) ; deliver spigots to (14) and overflows 
to (15). 

14. Eight Merrill sizing cones. From (13) and (33) ; deliver spigots to (17) 
and overflows to (15). 

15. Three dewatering tanks. From (13) and (14); deliver spigots to (16) 
and overflows to (30). 

16. Slimes accumulator. From (15); delivers to (26). 
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Cyanide Plant. 

17. Sand distributor. From (14); delivers to (18). 

18. Five sand-leaching vats. From (17), (22), (23), and (29); deliver sands 
to waste, effluent solution to (19) and (24), and water to (28). 

19. Three weak-solution precipitation tanks. From (18), (26), and (34); 
deliver to (20). 

20. Pump. From (19); delivers to (21). 

21. Merrill filter press. From (20); delivers precipitates to refinery, weak 
solution to (22) or (23), and barren solution to waste. 

22. Weak-solution storage tank. From (21); delivers to (18) and (26). 

23. Strong-solution storage tank. From (21) and (25); delivers to (IS) 
and (26). 

24. Strong-solution sump tank. From (18) and (26); delivers to (25). 

25. Pump. From (24) ; delivers to (23). 

26. Memll filter presses. From (16), (22), (23), (29), and (30); deliver 
slimes to (27)^ effluent solutions to (19) and (24), and water to (28). 

27. Slimes residue dewatering tank. From (26) ; delivers spigot to dump 
and overflow to (28). 

28. Overflow (lime) water tank. From (18), (26), and (27); delivers to 
(29). 

29. Pump. From (28); delivers to (18) and (26) or (33). 

30. Overflow soft-water tank. From (15); delivers to (31) and wash water 
to (26). 

31. Pump. From (30); delivers to (32). 

32. Batteiy (soft-water tank). From (31); delivers to (11). 

33. Sluicing (lime) water tank. From (29); delivers to (14). 

34. Zinc feed. Delivers to (19). 

§ 1434. Mill No. 105. The Great Boulder Perseverance Mine, Kal- 
GOORLiE, Australia.^ — The ore is a grey and green schist containing dis- 
seminated pyrite, arsenopyrite, tellurides, and quartz.*** The problem is to 
save the gold and silver. The value of the ore is about $12.50 per ton. The ore 
is tramme<l, 120 feet from the mine, to the breaker house where it is weighed 
on Avery automatic scales, full and empty car weights being recorded on a 
Morse tape. Thence the ore is dumped to (1) . 

Ore Breaker, 

1. Grizzljr. From cars; delivers oversize to (2) and undersize to (3). Out- 
side dimensions are 6.2 X 7 feet, spaccls between bars 2.5 inches, and slope 
62.5°. 

2. Gates breaker, No. 5. From (1); delivers crushed ore to (3). For power 
and capacity see (4). 

3. Two Grizzlies. From (1) and (2) ; deliver oversize to (4) and undersize 
to (5). Outside dimensions are 3.83 X 7 feet, space between bars 0.75 inch 
and slopes 49®. 

4. Two Gates breakers, No. 3. From (3); deliver crushed ore to (5). 
These breakers (2) and (4), are driven by a 60 horse-power Sprague motor. 

They break 2 tons per horse-power hour and require 15.4 horse-power when 
running idle. Total capacity of breakers is 900 tons per 24 hours; but they 
are in actual operation only one-half the time and break 480 tons per 24 hours. 

5. Breaker bin with a flat bottom. From (3) and (4); delivers to (6). Di- 
mensions are 40 X 29.5 X 26 feet, and the capacity is 1,000 tons, of which 600 
tons is live ore. 

6. Challenge feeder. From (5); delivers to (7). 
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7. Rohina belt conveyor. From (6); delivc^ra to (8). This belt is IS inches | 
wide aiitl 1 10 feet long. It elevates the ore 31 feet, running at an angle of 14^ 
with the horizontal The belt handles 480 tons per 24 hours and requires 5 ] 
horse-power. Its life is about 3 years. Boys are employed to pick out bits 
of unexploded dynamite and waste, In ease of break-downs an elevator and | 
trucks are providetL 

8. Bin. From (7); delivers to (9). Capacity 22 tons. 

9. Trucks. From (8); deliver to (10). Each truck holds 1,700 pounds. 

Ore Crusher. 

10. Griffin mill bin. From (l>) ; delivers, by 16 chutes, to (11). Length 
136 feet, and section is triangular, 3.5 X 3/25 feet. Chutes are supplied with 
ore through gates o|M*rated by rack and pinion. 

11. tSixteen iiutomatieshck^-feeders. From (10) ; deh'ver to (12). These are 
of the slidiug-block t}7je and are driven by an eccentric with a movement of 
I inch. 

12. Sixteen Griffin milts, No. 11. From (11); dehver to (13). Run dr}*. 
Each mill has a cast-iron btuse, 4 feel squai-e, securely bolted to concrete foun- 
dations. The die ring, 30 inches in diameter, is fastened to this base. The 
crushing is performed in a similar manner as that in the Huntington mill, but 
only one crushing roller, 15 inches in diameter, is used- The shaft is 6.5 feet 
long and is supported by ball bt^arings, which reduce the friction very mucii, 
re.sulting in a saving of at least 20 horse-powTT. Each mili is thro\\Ti in and 
out of action by means of friction clutches. The shaft of the mill makes 198 
revolutions per minute. Only fifteen mills operate at one time, the other being 
out for repairs. Each mill is in operation between So and 95V J, of the time. 
The die rings are rotated to get even wear, the feed nide w^earing fa,ster. Details 
of wear: Die rings, 18 days; roll tires, 9 days; plow^s or follow^ei^s^ 9 days; roll 
bodies^ G months; shafts, 6 month.s; body nuts, 18 days; follower nuts^ 3 month&; 
ball and trunnions, 3 months; thrust rings, 18 days; feeder shafts, 6 months- 
Cast iron lasts through a few dynamite explosions at most and ea*st-steel pans 
from 12 to 20 explosions; ball bearings have a long life, the balls showing no 
unevenness after months' use. The screen used is of wire cloth w'ith 0.043-inch 
openings. Capacity of each mill, 37 tons per 24 hours. The feed passes a 
F25-inch ring. The total power with 13 mills running is 234 horse-power or 
IS horse-power per mill. I'iach mill crushes 2 tons per horse*power day. 

Sereen-aixing tests on the crushed rock from the mills show the following 
results : 
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This is a finer pulp with a coarser screen than a ball mill gives with a finer 
screen. 

13. Sixteen screw conveyoi-s. From (12); deliver ore to (16) and dust to 

VH). Conveyors are 10 inches in diameter and run at 38 revolutions per minute, 

V4. Sturtevant fan. From (13); delivers to (15). All the dust from the 
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Griffin mills is carried off by this fan. It is capable of displacing 14,000 cubic 
feet of air per minute. 

15. Four Cyclone dust-settlers. From (14); deliver to (17). These cham- 
bers are conical in shape and are arranged in series. They have a capacit}- of 
566.5 cubic feet each. The dust-laden air is delivered tangentially to the 
sides near the top. They recover about 80% of the dust which amounts to 
100 pounds per hour. The effluent air goes into a large dust chamber, which 
recovers the Indk of the remaining dust. This recovered dust is returned to the 
system at (17), 

16. Robins belt conveyor. From (13); delivers to (17). Width of belt 
22 inches and it has a speed of 88 feet per minute. 

17. Elevator, From (15) and (lt>); delivers to (18) or (19), There are 
42 buckets, spaceil 2 feet apart. The belt travels 376 feet per minute. The 
ore is raised 34 feet. 

Roading. 

18. Reser\'e bin. From (17); delivei-s to (19) by means of screw conveyor 
and elevator. Capacity 300 tons. 

19. Screw conveyor. From (17) and (IS); delivers to (20). Length 150 
feet and varying in diameter from 9 inches at the back end to 5 inches at the 
front entL It runs at the rate of 30 revolutions per minute and require.s 5 
horse-power. As jm alteiTiative^ in case of a breakdown, there is a Rnbiiiw belt 
conveyor, 270 feet long and 11 inches wide, driven at a speed of 11)6 feet pcu* 
minute^ consuming 3 horse-power, and delivering into the feed hoppers of (20). 

20. Six ** Perse* verance " furnaces. From (19); deliver niuusted ore to (21). 
These furnaces are placed in two separate sheds at right angles to each otlier, 
four in one shed and two in the other. In order to s^upply the last two furnaces 
there is a conveying system consisting of two belt conveyors at right angles; 
the first is 95 feet long, 14 inches wide, and has a speed of 288 feet per nu'nutc, 
delivering to the second, which is 128 feet long, 11 inches wide, running the 
entire kmgth of the two furnaces, and delivering to two screw convey ox's. Each 
is 14,5 feet long, 9.5 inehes in diameter, driven at 52 revolutions per minute, 
and ^equire^? 0.5 horse-pow^r. 

Each furnace is equipped with two hoppers, 5 X 3.5 feet at the top and 6 
feet deep. Two rifles are vertical, the other two converging to give a narrow 
feed slot. About 4 inches below this slot there is a horizontal feed plate, moved 
back and forth by an eccentric. Variations of feed are obtained by altering 
the speed and throw of the eccentric. The furnaces, as originally built, were 
of the HoltofT-Wethey t>T>e, but defects in the rabbling led to the introduction 
of the Edw^ards mechanical .system. The capacity of each furnace i.s 95 tons 
per 24 hours or 1 ton per 15.5 square feet of roasting surface. There are 4 
&ro boxes per furnace, arranged in pairs, with heart h.s 2.5 X 6 feet. Flue dust 
is caught in the goose-neck and main flue and returned to the furnace eveiy^ 
month. 

21. Six cooling floors. From (20); deliver to (22). 

22. Push conveyor. From (21); delivers to (23). The sand drops onto 
this conveyor through a screen. The conveyor has flights, 2.25 feet by 7 inches, 
and makes twenty-six IH-inch strokes per minute. 

23. Chain bucket elevator. From (22); deHvers to (24), Ltmgth is 64.5 
feet and it has 86 buckets, each 12X6x5 inches^ placed IS iuches apart. 
In case of a breakdown to (22) or (23), there is a screw-conveyor system deliver- 
ing to a chain bucket elevator, identical to (23) and delivering to (24). 



1038 



ORE DHESSINO. 



Mill ia5. I 1434 



A malgamation, 

24. Mixer. From (23); delivei^ to (25), Weak cyanide solution is add(?fl 
from tlie exhausU'd liquor of tht? extractor boxes and sufficient to make pulp 
tif the consistency of three partH water to one part solids, by weight. The mixer 
is of the vortex type with a propeller agitator, and hfis a curved bottom and 
closed top. 

25. Two t^pitzkasten. From (24); deliver spigots to (20) and overflows to 
(31). These spitzkasten are pyramiilal in shape, 5 feet square at the top, and 
5,67 feet deep. The s])igots are normally <).75 inch in diameter hut vary with 
the tonnage; a capacity of 500 tons per 21 hours requiring 0.875-inch diameter 
8pigots, They act as primary classifiers. 

26. Ten grimiing amalgamating pans. From (25): deliver overflows (pulp), 
to (27) and amalgam to retort. For description see (30). 

27. Agitation vat. From (26) and (30) ; delivers to (2S). 

28. Sand-pump. From (27); delivei-s to (29). Stroke of pump 4 feet. 
20. Two s(H»ondaiy spitzkasten. From (28) ; deliver spigots to (30) and 

overflows to (31). For dimensions see (25). 

30. Four grinding amalgamating pans. From (29); deliv(*r overflows 
(pulp) to (27), The fourteen amalgamating pans, (20) and (30), of which the 
former run at 31 revolutions per nunute and the latter at 27 revolutions per 
minute, are each S feet in diameter and 3.25 feet de€*p. The sides are of mild 
steel or wrought iron while the bottoms are of ca8t iron. The muller has 8 
shoes, each in the shape of a .sector of a circle, 2.5 inches thick and of 220 poimds 
weight. The grinding is done upon 12 dies, sluipetl like the shoes, and weigh- 
ing 2S^] pouncis. There is a hollow space about the dies for the collcetion of 
mercury. A set of shoes lasts 3 to 6 months and a set of dies 12 months. The 
abrasion amounts to about 13.2 ounees per ton of sand treated. The power 
required is horse-power in the case of the former ten pans, and horse- 
power in the case of the latter four pans. 1.4 tons of sand is slimed per hoi'se- 
power day or 1 ton per square foot of shoe grinding'Surface per 21 houi*s. The 
consumption of mercury varies from 0.1 to 0/2 ounce per ton of ore treated and 
the goki recovered in the amalgam varies from 30 to 35% of the total yield. 

The following are typical sizing analyses of the products from the fine-grind- 
ing system when the capacity is 480 tons per 24 hours. 
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31. Two prismatic settlers. From (25) and (29); deliver spigots and over- 
flows to cyanide slimes plant. These settlers work alternately and reduce the 
pulp from a consistency of 25% solids to one of 40 to 45 % solids and clear water. 
Each prism, 53 feet long, 5.5 feet wide, antl 5.5 feet deep, has a settling area 
of 346.5 square feet and a capacity of 1,236 cubic feet. The ends are vertical 
and the sides vertical for 15 inches, then they converge to a 10-int^h base. The 
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settlings are discharged through thirty-one 1.5-inch holes, placed 2 feet apart, 
on the bottom. These orifices are closed by a valve consisting of a rubber 
plug and a vertical rod operated by single cams on a shaft revolving 6 times 
per minute. Slimes are run into a settler until the overflowing water shows 
muddy, when the cam shaft is revolved and the discharge is regulated so that 
it will exceed the inflow. This is continued until the discharging slimes show, 
by testing, 30% solids. The shaft is stopped, the tank allowed to fill, and the 
settler given a period of rest in which the slimes have a chance to settle. Mean- 
while the other is going through the same cycle of operations. 

Power, 

The mill engine is a horizontal compound-condensing Corliss engine with a 
nominal horse-power of 450, built by the E. P. AUis Company. Its length of 
stroke is 48 inches, number of revolutions per minute 77, and cylinder diameters 
20 and 36 inches. It drives the Griffin mills, conveyors, and a 150-kilowatt 
direct-current dynamo. Steam is delivered at 135 pounds pressure, exhausted into 
a 25-inch vacuum and it consumes 13.1 pounds of steam per indicated horse- 
powder. A Brush compound-condensing vertical engine, with cylinder diame- 
ters of 22.75 and 34 inches, drives directly a 200-kilowatt direct-current dynamo 
at 240 revolutions per minute. It has a steam pressure of 135 pounds and 
exhausts into an 18-inch vacuum. With a load of 300 horse-power, its steam 
consumption is 30 pounds per indicated horse-power. Each engine has its 
own condenser and oil separator. For supplying air to the reduction plant 
and for underground requirements, there are two Ingersoll-Sergeant air com- 
pressors, fitted with Corliss valves, delivering air at 90 pounds pressure. The 
current generated by the two dynamos is distributed among nineteen various 
type motors and the lighting system. The motors are used to operate various 
parts of the reduction works machinery and vary from 5 to 60 horse-power. 
The plant is electrically lighted throughout. 

Steam is supplied by 10 Heine horizontal water-tube boilers, each of 110 
horse-power capacity. The grate area is 18 square feet and heating surface 
1,000 square feet per boiler. The fuel used is green salmon gum and mulga. 
Feed water is supplied by three pumps, each being large enough to fulfil the 
boiler requirements. 

Power costs $0,486 per horse-power day. 

Labor. 

Total labor employed per 24 hours is 116 men and 12 boys, divided equally 
into three shifts. The distribution per 24 hours is as follows : 

On breakers, 6 men and 3 boys; on transport of ore, 3 men and 6 boys (pick- 
ing belt); in Griffin mill department, 10 men and 3 boys; in amalgamation and 
agitation department, 9 men; in filter-pressing department, 35 men; in precipita- 
tion department, 3 men; on disposal of tailings, 11 men; foremen, 3 men. 

Costs, Assays y etc. 

An average of 3 months' work showed: value of ore $12.66 per ton for the 
44,363 tons milled; amalgamation extracted 29.37% of total value in the ore; 
cyaniding extracted 62.15% of the value; and 8.48% of the value was thrown 
away in the tailings. 

The average cost of milling the ore was $3.1225 per ton. 

§ 1435. Mill No. 106. Homestake Mining Company, Lead, South 
Dakota.'^ — The Homestake Mining Company owns or controls 250 claims, 
comprising 2,616 acres and covering about 8,000 feet along the strike of the 
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lode.*' It owns and operates 6 stamp-mills, eontainiDg an aggregate of 1,000 
stamps, aud crii-shes about 4,000 tons per 24 hours. The unique features in 
these mills are the coiLstrurtion of the istamps, the great length of the amalganm* 
tion plates, the absence of concentration, and the treatment of the sands and 
slimes in the cyanide p hints. 

The ores treated are of two types, the oxidized, or open-cut ore, and the 
sulphide, or Homestake lower-levei ore, containing 7 or 8% of sulphides, mainly 
pyrite and pyrrhotito in approximately equal proportions, together with small 
amounts of chal copy rite and arsenopyrite in a gangue of schist or slatc\ Etu*h 
class of ore is treated in separate mills, the former in the Pocahontas mill (l(iO 
stumps), while the latter class is treated in the Homestake mill (200 stamps), 
Golden Star mil! (200 stamps), Amicus mill (240 stamps), Monroe mill (l(X) 
stamps), and the Mineral Point null (100 stamps). 

The ore receives its first crushing in rotary breakers at the hoists.^ It is 
here reduced to a maxinmm of 4-incli cubes. A second crushing at the Ellison 
hoist is now being arnmged for. It is conveyed from the hoist bins in cars and 
dumped to (1). 

1. Mill bins. From cars; deliver, via chutes, to (2), 

2- Two hundred feeders. From {!); deliver to (3). 

t3. One thousand stiuups comprising 200 batteries. These stamps are 
equipped with Homestake narrow-patttTn nmrtars which are only 12 inches 
wide at the lip. Wlien new, the stamps wcigli 1M)0 pounds; they drop 10.5 
inches and make SS drops per minute. The shoes ami tlies are made of cast 
iron. P'rom 10 to 12 tons of water are used per ton of ore crushed and mercury 
is introduced into the mortars. The* stamp duty is 4 tons per stamp per 24 
hours. The pulp is very fine, about S0% passing a 100-mesh screen and nearly 
60% passing a 200-mesh screen. The screens are the steel needle-slot type^ 
No. S size. Discharge is 11 inches above the top of the dies. From (2) ; deliver 
pulp to (4) and an^algam to retort. 

4. Two hundred sets of amalgamating plates. Each set is composed of 
4 plates, 4.5 X 12 feet and 0.125 inch thick, the apron plate being of copper and 
the other three being silver-plated copper (2 ounces of silver per square foot), 
It has been founrl that maximum results in amalgamation are attained when 
the temperature of the water is low enough to exert a minimum influence upon 
the minerals. Between 70 and 75% of the values are extracted. The total 
average cost of nulling the ore is about 40 cents per ton, although in the Amicus ■ 
mill, which is the largest and most moderoly equipped, the present cost is fl 
estimated at 22 cents per ton, of which l^ cents is apportioned to crushing and 

4 cents to amalgamation. From (3) ; deliver pulp to (5) and amalgam to retort, 

Sli?ne$ and JSand Separation. 

The pulp as it comes from the mills has a consistency of about 12 parts 
water to 1 part solids. Of these solids about 65% is leaehable material and 35% 
is slimes or unleachable material. In order to effectively treat the pu!|) with 
cyanide it is necessary to separate the slimes from the sands. This is efTected 
by a system of settling cones and classifiers. The first treatment of the pulp 
takes place at the stamp mills in what is called the Upper Cone House » whence 
it is conveyenl, by a 12-inch pipe, to Cyanide 8and Plants No. 1 and No. 2 re- 
spectively, where it receives further separation before the cyanide treatment 
The pulp from Lead City mills goes to (5). 

5. Sixteen gravity settling-f*ones. These cones are of iron. 10 feet in diameter 
at the top and have sides sloping at 50^. The overflows have a consistency of 
about 30 parts water to 1 part solids, the solids all passing 200 mesh. From 
(4) (640 stamps); deliver spigots to (6) and overflows to (IS), 
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6. Twelve gravity settling-cones. These cones are 7 feet m diameter, other- 
se the fiame as (5). The overflows are similar to those from (5). From (5); 
liver spigots to (7) and overflows to (IS). 

7. Pipe line, 0.25 mile long with a minimum grade of 2,r5 %. Pipe is 12 
inches in diameter, flanged, and of cast iron. From (6); delivers to (8). 

Cyanide Sands Plant No. 1, Capacity 1,S00 tons per 24 hour&, 

8. Nine gravity settling-cones which are identical with (6). From (7); 
deliver spigots to (9) and overflows to (19). 

9. Thirty-six cone clasi^ifiers, 3.5 feet in diameter and equipped with a 
special design of feed-water inlet for discharging sands and admitting the water 
(an invention by Mr. Merrill). 

The spigot product thus obtained is a teachable material, although contain- 
ing considerable fines, but free from mud. Six tests show coarse (remaining 
on 100 mesh) 31%, middles (100 to 200 mesh) 33%, and flues (passing 200 mesh) 
33%. It contains 10 to 12% of pyrite. Lime is added at this point, between 
3 and 5 pounds being used per ton of mixture. The lime is only of the purest, 
any magnesia being objectionable. It is crushed in a stamp buttery equipped 
with a wire screen having 0* 172-inch square perforations* From (S); deliver 
spigots to (10) and overflows to (10), 

10. Two distributors of the Butters-and-Mein type. One is used for each 
row of vats. From (9); deliver to (11). 

11. Twenty cyanide tanks, 44 ft^t in diameter, 9 feet deep, and holding 
610 tons of sand each. Each requires from 7.75 to 8.25 hours to fill. They 
are fitted with a double fitter-bottom, the top one being S-ounce duck, under- 
laid by a second filter of cocoa-matting. There are four side gates and one 
center gate. After filling the tank the water is drained ofl* and the top of the 
sands are leveled. Strong cyanide solution (0.14% KCN) is run on and left 
in contact with the sands continuously for three days. The effluent solution 
18 run to (12). Weak solution (0.07% KCN) is then run onto the sand and 

, yihe contact is maintained for two days. Effluent solution is run to (14). The 
■BAndd are washeti until the effluent solution is down to 0.02% KCN (5 to 7 
P* tents per ton). The sands are then sluiced out, with a 3-inch hos<r, through 
[ the gates. This requires two men about 4 hours. The tanks and filters are 
I thoroughly cleaned and are then i-eady for another charge. From (10), (15), 
(16), and (17); deliver sands to waste and solutions to (12) and (14). 

12. Two weak-solution precipitation tanks, 26 feet in diameter, 19 feet deep, 
and holding 300 tons of solution. The solution is run into these tanks until the 
full capacity is reached. Its value is about %\ per ton. Solution is then 
pumped, an emulsion of zinc dust being added to the suction pipe of the pump. 
(Patent applied for.) This emulsion contains about 00 pounds of zinc, or 1 
pound of zinc dust per 5 tons of solution. The mixture is elevated to (13) by 
a compound, duplex, outside packed, plunger-type pump. From (11); deliver 
to (13). 

13. Filter press, 36 inches square, of the flush-plate and distance-frame pat- 
tern, containing 24 frames, each 4 inches in depth. The solution is reduced 

Jn value from %2 to 2 cents per ton and contains 0.1% of KCN. The press is 
ton one month before cleaning up. From (12) ; delivers precipitate to refiner 
Md solution to (16). 

14. Two collecting tanks. These are identical in size to (12). The solution 
w strengthened with KCN up to 0J4% and run directly, without precipita- 
tion, to (15). Froin (11); deliver to (15), 

15. Stock-6olution tank for strong solution. From (14); delivers to (U)* 
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16. Weak-solution tank. From (13); delivers to (11). 

17. Wash water tank. Delivers to (11). 

The percentage of vakes in the saiitb recovered is 74,7 (average of 6 months). 
The cost of eyaniding iis about $0/27 per too. 

Slime.'i Treatment, ^M 

The overflow from the settling rone^ and ehissificrs contains the sliines in 
a veiy dilate cuntlition, alMUit 30 partn of water to 1 part of solids, the 
solidii ea*sily passing a 2(X)-me^>h screen* Economy both in HuKsequent treat- 
ment and water, necessitates the dc watering of this material, which is accom- 
plished by clarifying tanks. ^" 

18. Eighteen ckirifying tonks. Nine of these tanks arc 26 feet in diameter. 
and the others are IS fc^et in 4iiameter. Al! are 20 feet deep. They are built of 
redw'ood, have vertical sitles and contain a false conical bottom which serves to 
prevent any .sudiivii slide of thick slimes into the spigot opening. From (5) and 
(6); deliver spigots to (21) and overflows of clear water to shiicing reservoii'. 

19. Six clarifying tanks^ 26 feet in diameter and 24 feet tieep. The spigot 
product from thesu tanks has a consistency of about three parts of water to 
one part of solids. This material is conveyed three miles in a 12-ineh cast* 
iron pipe line on a minimum grade of 1.5%. From (8) and (U); deliver spigots 
to (20) and overflows to wa^te or to Sands Plant No. 1. 

20. South Division sludge-storage tank, 26 feet in diameter and 20 feet 
deep. From {19); delivers to (21). 

The treatment of the Terraville pulp is very similar to that of the South 
Division already described, with the one point of difference that one intermediate 
set of settling cones is omitted. 

The mill at Central sends its pulp directly to settling cones at Cj'anide Sand 
Plant No. 2, where both tlie Terraville and Central sands receive the c^'anide 
treatment, similar to that of Cyanide Sand Plant No. 1. The overflow from the 
settling tanks and classifiers corresponds closely to that already described and 
is conducted in like manner to the North Division sludge-storage tank, identi 
cal with (20). 

Cyanide Slimes Plant. 

21. Twenty-four filter presses.'*^ The slimes are brought io the filter house 
in a 12-inch pipe, thence along the entire length of the filter buildings in two 
10-inch pipes and to the filter presses in 6-inch pipes, being connected to the 
presses by flexible hose. From (18) , (20), and North Division .sludge-storage tank, 
(24), (2.5)\ (26), and (27) ; deliver slimes to w^asle and solutions to (22) and (25). 

A filter press consists of an outer supporting frame, 91 flush plates, 92 dis- 
tance frames, a follower head %vith tlimst screws, together with the necessary 
connections for entrance and exit of solutions, pulp, etc. The supporting 
frame consists of massive front and rear standards^ spaced 46 feet apart and 
joined by side rails made from 15-inch channel iron. The plates and frames 
are rectangular in form, 4X6 feet outside, and the plates have both faces 
corrugated. The unique feature of this press is the automatic sluicing device. 
The sluicing is efl^ected by means of a small nozzle which may be directed 
toward any portion of the compartment by turning the pipe about its axis. 
(Patented.) 

The press is filled by opening 6 feed pipes b}" one movement of a lever, the 
pulp enters the press under a gravity heai.1 of 35 pounds. The cakes are sub- 
jr»cterl to 6 hours' treatnu^nt consisting of lixiviation, oxidation, and wasliing. 
Tlie slimes cake is then sluiced out, about 4 tons of water per ton of slimes 
bein*]; used. 
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Each press has a capacity of about 25 tons of diy slimes and the time neccs- 
fop a complete cycle ia about 8 hours^ or each press has a capacity of 75 
of slimes per day. 

22. Weak precipitation tanks. The solution from the firnt lixiviation is 
awn from thcrse tankis and is puinpcd to the press after receiving a carefully 

amount of zinc dust in the form of an emulsion. From (21); deliver 

23. Filter press. From (22) ; delivers precipitate to refiner and weak solu- 
tion to (24). 

24. WeakHSolution storage tanks. From (23); deliver to (21). 

25. Strong-solution tanks. The weak solution from (24) is used for the 
cond lixiviation and is stn'Ofithened by iitKling KCi\ and returned to the 
rong-8torage tanks. From (21); deliver to (21). 

26. Wash water tank. Dehvers to (21). 

27. Sluicing-water storage tank. Capacity 100,000 gallons. From sluic- 
g reservoir; delivei-s to (21), 

The capacity of this plant is about 1,800 tons per day and the cost for 
anuary, 1908, was 27 cents per ton. 
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le precipitates from the cyanide plants are refined with a loss of less than 
^0.1%. The precipitate is put into a lead-lined tank equipped with an agitator, 
jand treated with dilute HCL They are then allowed to settle and the super- 
' fiatant liquid is drai^Ti off and passed through a filter press. Sulphuric acid ia 
then put into the tank and the mixture again agitated and this time heated, 
|The precipitates are again allowed to settle and the supernatjint liquid is passed 
"irough a filter press as before. Wash water is now pumped into tlie ttmk and 
Ihe whole mixture is paased through the filter and the priori pit ate wiished 
thoroughly. The precipitate is then dried on a steam liath ami mixed with 
litharge, borax, silica, and powdered coke. This mixture is sprinkled with 
^^lead acetate and briqueted, under a pressure of l,IMH) to (j^O(JO pounds per 
^Hpquare inch. After drj^ing, the Ijriquettes are melted down and the borax 
^Ktag drawn off and sent to a Idast furnace. The button rennuning is cuprled 
^Blnd the metal thus obtained is lam into bars ready to ship to the mint. This 
^^metal is 975 to 9S5 fine gold, The total cost of refining is about $0.15 per 
ounce. 

5 1436. General Milling PRAmrE in the Witwatersrand, South 

^FRirA.*** — The ore/^ ** treated is mediumly liard conglomerate consisting 

fz pebbles held in bond by a siiieeous and partly feri'uginous cement, 

J 1 jy crystalline free gold and auriferous pyjite are the economic minerals. 

[The values are practically all contained in the cementing? material. 

The general practice of the motiern mills is outlined in the followint; tree: 

Ore from the mill bins '*^ goes to (1) via automatic feeders. 

1. Stamps. From the mill bins; deliver ptdp to (2). The stamps weigh 

I from 900 to 1,670 pounds. The success of the heavy stamps, tried at first as 

Isn innovation in one or two of the principal mills, is now an undisputed fart. 

^It ?<* found that the cost of the extra pciwer used to lift them is more tlnm nlT- 

lie increa.«ed crushing capiicity obtnnuxl and their use is rapidly beeom- 

« ral. Ojarse cnishing, from 0.9 to 1,5 millimeters, is universal. The 

omuiercial value of high stamp-thities is evinced on the maintenaiire side, as 

^lere are fewer plates to dress and fewer parts to require a<ljustment. On 

be capital side, a smaller expenditure is required for mortar boxes, shafting, 

and the like. 
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2. Amalgamating plates. From (1); deliver amalgam to retort and pulp, 
elevated by wheel ^ to (3), 

3. Spitzkasten. From (2) and (6) ; deliver spigots of heavy pyritiferous 
product to (4) and overflows to (7), 

4. Tube mills. From (3); deliver pulp to (5). The great value of tube 
mills 00 the Hund arit^es from three causes: fii-st, their use leads to an increase 
in the percentage of gold extracted; second, to an increase in the tonnage 
crushed; and third, by increasing the tonnage milled, the tube mill tends to 
reduce the per- ton rate of working costs. The percentage recover^' by amal- 
gamation has been considerably increased, and a decrease, though not to a cor- 
responding extent, has taken place in the percentage of values recovered by 
cyanide. Spitz kasten concentrates, as such, have been done away wuth and in 
place of having three products to cyanide, — spitzkasten concentrates, sands, 
and slimes, there are now only two, sands and sUmes. With only one teachable 
product instead of two, it is possible to greatly simplify the plant. When tube 
mills were first installed it wavS general!}^ prophesied that they would greatly 
increase the percentage of slimes proiluced. They have had only a slight 
effect in this direction and the mines have not had to meet any large expen- 
ditures for new slimes plants. 

5. Amalgamating plates. From (4) ; dehver amalgam to retort and pulp 
to (6). 

6. Spitzkasten. From (5) ; deliver spigots, via pulp elevator, to (3) and 
overflows to (10). 

7. Spitzkasten. From (3); deliver sands through spigots to (8) and over- 
flows to (9). 

8. Sand-treatment tanks. From (7) and (12) ; deliver washed sands to waste 
dump and gold solution to (12). 

9. Slimes-settling tank. From (7) ; delivers settled slimes to (10) and over- 
flow to (13). 

10. Slimes-treatment tanks. From (6), (9), and (12); deliver to (11). 

11. Filter presses. From (10); deliver gold solution to (12) and washed 
cake to waste dump. 

12. Zinc-precipitation boxes. From (8) and (11); deliver zinc with pre- 
cipitated gold to an acid treatment, thence to bank, and residual solution ta 
sump, which delivers to either (8), (10), or (13). 

13. Mill ser%'ice tank. From (9), (12), and water main; delivers to mill 
system. 

In cyaniding," the decantation process is still in general use. The many 
attempts to produce something better have resulted in a successful new method, 
known as the Adair-Usher process, which was introduced at several mills last 
year and gave quicker and more complete extractions than hitherto obtained. 
More attention is being paid to a longer treatment and more efficient precipita- 
tion in cyaniding. Again, the use of bisulphate of soda for prt*cipitating the 
gold in the waste solutions from the aciil clean-np plant is superseding the sul* 
phnric-acid and zinc -dust treatment. This means a saving of more than half 
of the acid costs. 

The practice of shipping the black sands of the battery residues to a smelter 
is being done away with in favor of processes of recovery which can be operated 
at the mill. ^ M 

There is, in general, « marked tendency towards finer crushing and it isfl 
predicted that this may be carried to such an extent that the crushed material ^ 
will consist wholly of unleachable slimes. This all-sliming process is discussed, 
in detail under the heading of Mill 108. 

Wheels for the elevation of pulp are both costly and clumsy and some mUl-*l 
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men are advocating the use of some type of scraper to separate the sands from 
the sHines, a8 is the practice at some mills in the United States. Sand pumps, 
working on the injector principle, are also di.sphiciiig tht* sand wheel. 

} 1437. Mill No, 107. Ore Heductiox Plant of the Liipaards Vlei 
Estate of the Consolidated Gold Fields of Sol'th Africa^ Limited.— 
Tht8 milL^ in the Witwatersrand District, is handling the typical conglomerate 
rock of the region at the rate of 540 tons per day. During the year " entling 
August 31, 1907* GO stamps eioished 197,544 tons of rock."^ Operating 365 
days in the year this figure gives the duty of a single stamp as 1J.02 touK per 
24 hours^ which is a world's record, considering the hardness of the ore treated. 
Working with only 60 stamps and 2 small tube mills, the Luipuards Vlei Com- 
pany is doing as much work as could have been done a few years ago by a mill 
of 100 stnmps, The inerease<l tonnage handled is of course due to coarse 
crushing and the supplementary use of tube mills, but the heavy stamp usetl 
(1,550 pijunds) is also an important factor. The practice of adding compen- 
sating weights to the stamp as the shoe wearss down aids in keeping the stamp 
duty constantly at a maximum. In treating Ihe 107,544 tons of ore handled 
in 1907» a recovery of 92.1% was made. The value of tlie yield per ton %vas 
17. 1 1 and the mining and milling cost was $4.90 per ton, leaving a profit of S2.21 
per ton. 

On* from the mine goes, via incline tracks, to (1). 

1. Trommel, 4 feet in diameter by 17.25 feet long. From ears; delivers 
undersize to (2) and ovensize to (3). 

2. Two settling tanks. From (1) ; deliver overflows to (7) and settlings prob- 
ably go to (9). 

3. Sorting belt. From (1); delivers waste rock to dump and residue to 

4. No. 5 Gates crusher. From (3) ; delivers crushed ore, via incline tracks, 
ta(5). 

5. Sixty stamps. From (4); deliver pulp to (6). Each stamp weighs 
1,550 pounds. The mortar boxes are set on cast-iron anvil blocks resting on 
concrete foundations; battery water, which is a weak eyanide solution, is sup* 
plieil from (22). Batten' residues go to clean-up room which has ime me- 
rhanicul batea, 4 feet in diameter, and oiu* amalgam barrel, 1 feet long and 2 
feet in diameter. 

6* Amalgamating plates. From (5) ; deliver amalgam to retort and pulp 
to (7). 

7. Sand wheel, 57 feet in diameter. From (2), (6), and (12); delivers to 
(8) or (11). 

8. Spitsjlutten. Six pyramidal b(^xes, 4.75 X 2 X 2,?v3 feet in two rows 
of three each. From (7); <leliver overtlows to (11) and spigots to (9). The 
ispitzlutten are provided with a by-pass between the two rows by means of 
which pulp nniy go chreetly from (7) to (11). 

9. Tw*o tube:* mills, 3.5 feet in diameter and 14 feet long. From (2) and 
(8); deliver pulp to (10). 

10. Tw*elv«* suspended shaking amalgamating tables, each Ct feet long and 
3 feet wide. From (9): deliver amalgam to retort and pulp to (7). 

11. Spitzkasten. Two pyramidal t)oxes, 4.75 X 4,75 X 3 feet. From (8); 
deliver overflows to (12) and spigots to (IG). 

12. Return-sands spitzkasten. Two pyramidal boxt's, 6 X OX 5.25 feet. 
From (II) aniJ (16); deliver overflows to (13) and spigots to (7). 

13. Decantation slimes plant consisting of six conical-botlonied .steel slimes 
vats, 50 feet in diameter and from 12 to IG feet deep, two 7-iut4i centrifugal 
sludge pumps^ two 5-inch centrifugal solution pumps, and one 4-ineh cen* 
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trifugal pump for water. From (12), (14), and (20); delivers decanted gold- 
bearing solution and first Wiish solution to (15)^ decanted second wash solution 
to (20), overflows to (14), anil slinios to slimes dam. 

14. Six sterl ret urn -water tankn, 25 feet in diameter and 8 feet deep. From 
(13); deliver, via pump, to (22) and also back to (13). 

15. Two steel slimes-filter vats. From (13); deliver settled and washed 
slimes to dump and solution to (IS). Vats are 25 feet in diameter and 4 feet 
deep, 

16. Six steel sand-collecting vats, 28 feet in diameter and HJ> feet deep, 
hose filled and with bottuin discharges. From (11); deliver to (17). 

17. Six steel leaching vats, 40 feet in diametr^r and 9 ffxH deep, having 
bottom discharges. From (16); ileliver washed sands to sand dump via cars, 
and gold-bearing solution to (is), Solution is supplied, via pumps, from (21). 

IS. Fciur steel extractor-boxes with a zinc capacity of 242 cubic feet each, 
From (15) and (17); deliver zinc slimes, with precipitated gold, to (19) via acid 
clean-up plant, and solution to (21). 

19. Refinery containing one retorting furnace, one calcining furnace, four 
Cornish smelting furnaces, and one bullion furnace. From (is); delivers 
bullion to bank. 

20. Solution storage vats. Receive solution, from which the gold has been 
precipitated, and sniplus sand solution from (21) via pumps, and ilecanted 
second-wasli .solution from (13). Deliver to (13). 

21. Six steel sum]>-vats, 25 feet in diameter and 8 feet deep. From (IS); 
deliver, via l>uinp, to (20). In connectitm with these solution tanks there b 
one wooden sump-vat, IS feet in diameter and S feet deep, for acid washings. 

22. Mill-water service tank. Receives weak solution from (14) via pump, 
and make-up water from the slimes dam. Delivers to (5). The tank is 40 
feet in diameter and 12 feet deep, 

g 1438. Mill No. lOS. Mill of the Meyer and Charlton Gold Mining 
Company^ Limited, Witwatersrand Dlstrict, Shuth Africa.^* — The .sys- 
tem of ore treatment at this mill is of especiiil interest as it enibodic*s many 
radical departures from what was jijjeneral practice in the district at the time 
the mill was erect etl. Moreover^ these departure's have not only proved suc- 
cessful, increasing recovery and reducing costs, but as a direct result of their 
success they have already led to many radii al changes in the general milling 
practice of the Rand and will lead to still further improvements. 

The features of the ore treatment,*'"* which were absolute innovationa 
on the Rand at the time they were installed were (1), tube milling; (2), fine 
trrindint^ of heavy products; (3), secontl amalgamation; (4), treatment of re*' 
ground heavy product with current slimes; (o), automatic separation of return 
water or solution to battery- and handling of sliuies in conical tanks of special 
design; (b), filter pn\ssing; (7), circulation of cyanide solution. 

The first four of these operations are to-day in general practice throughout j 
the entire Witwatersrand District and the old schemes of concentrating on 
vanners and then chlorinating, or of giving the spigcjts from spitzlutten a long-' 
time treatment with cyanide have been entirely abando!ied. The adoption 
of the first four of the operations named has involved no particular or very 
expensive changes in the existing plants, but if filter pressing is adopted it 
means that the expensive deeantation sHme plants must be "scrapped/* The 
same deeantation plants, while undoubtedly the most clumsy anrl ioefficient 
part of the whfile mill equipment, arc still in genera! use and whether or not 
mills now operating them will change in favor of filter pressing, ia a question 
which time atone will tell. New plants will, howTver» undoubtedly install the 
filter-pressing system for reasons as follows: 
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L In a decantation plant transference from tank to tank is effected by big 
deliver>' centrifugal pumps, while with conical tanks and filter presses the 
operation is carried on by gravity and at little cost, 

2. With a decantation plant the best separation of slimes and soliiiion 
obtainable will leave 50 to 60% of moisture m the slimes, while with a filter 
pres8 2G% of moisture in the slimes is a normal figure. Then too, llxe opera- 
tion of settling i.^ much slower than filter pressing. 

3. In a decantation plant a perfect wasliing of the settled slimes is impos- 
.• sible and gohl-beuring solution is thrown away, while with a filter press every 

'trace of gold-lx-aring sokitiun may be removed by pumping wati-r through the 
cake under pressure. The time consumed in washing is also nmch le^s where 
a pr&ss is employed. 

4. In a decantation plant the slimes are discharged with a flow of water 
to dams; while with a filter press the wtunhed cak% contiiining only 2G% of 
moisture, goes directly to the dump via trucks or conveyor belts and no water 
is used, so that the necessity of slimes dams to retain wat<'r is dt>rie away with. 

5. In the decantation process the average recovery is aliuut 7")% wliile 
with filter pi-esses the recovery is 95%. 

0. The actual working cost of filter pressing is slightly less than hand- 
ling by the decantation process, 

7. The average cost of a complete decantation slimes plant for a 100- 
^tamp mill is $125,000, and the average cost for a plant using conical tanks 
and filter presses and capable of handling the same tonnage is only $70,000. 
In the above comparison the results are all in favor of the filter-press sys- 
tem and there can be no doubt that future mills will use this method. In the 
case of existing plants where tlie supplying mines have a sufficiently long life 
to warrant it, an immediate replacemeiit of the present decantatiou plant with 
the fiUrr-press system would probably result in a final profit. 

In the circulation of the cyanide solution through the stamp battery and 
mill system tWTi important results are achiev(xl; First, the gold is attacked 
by the solution from the moment the ore enters the mortar-box, with the result 
that about 98% f>f the gold in the slimes and 70% of the gold in the sands is 
bnyught into solution Ix^fore either of these two products is settled. Second, 
an unnecesi^ary waste of accumulated excess solution is dnnr^ away with. The 
ioll<*wing table shows gold extraction rcsidts as obtained at t he Meyer ^ tliajlton 
mill: 

Dissolved in mortar boxes 12.65 % 

Extracted ou plates 43, S5 " 

Dissolveil in transit 26,02 *' 

Extracted on shaking tables 3.01 " 

Extracted in treatment plants . , 9,75 " 

Tailings contain 4.098 " 

yy.ys8 

From this table it will be seen that 85.53% of the gold is extracted before 
reaching either the sand or slimes treatment plant; and when this result is 
consi*lereil in connection with the fact that about 9H% of the gold in the slim(*s 
is extractetl before reaching the slimes treatment plant, it will be seen that 
the Hlimes plant acts merely as a storage tank and the sand treatment plant 

'^mt-i for only 0.76% of the total values. No mure convincing argument 

the results given above couM be offered in favor of an all-sliming process, 
ler, if to the credit of increased extraction obtained by an all-sliming 
s5 we add an amount equivalent to the savings effected by leaving out the 
aand plant altogether, the sum total, balanced against the cost of fine grinding , 
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of the sands, shows a considerable margin in favor of all-sliming. The credits 
to be made in favor of sliming are: 

1. The interest on and redemption of about $75,000, the cost of the sand 
plant. 

2. The operating cost per ton, which is about 42 cents. 

3. The difference between 12 cents a ton left in the slimes tailings and 40 
cents a ton in the sand tailings, while on the debit side we have: 

1. The cost of grinding from 60 mesh to 150 mesh, which is about 72 cents 
per ton. 

2. The interest on and redemption of the slight outlay of capital necessarj' 
for an enlargement of filter-press plant. 

To sum up, the advantages of the all-sliming method over the present prac- 
tice are, first, smaller outlay of capital for plant; second, smaller operating cost; 
and third, higher percentage recovery. 

Figs. 849 and 850 are, respectively, pulp flow diagram and solution flow dia- 
gram of the present Meyer and Charlton mill. 
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FIG. 849. — PULP FLOW DIAGRAM MILL 108. 



The numbers in both diagrams refer to tonnages. The only losses are in 
sand and slimes residues and these are water losses. Including evaporation 
which amounts to 8.7 gallons, the consumption of water is under 40 gallons 
per ton of ore handled. 

§ 1439. Mill No. 109. Mill of the Robinson Deep Gold Mining Com- 
pany, Limited, of the Consolidated Gold Fields of South Afwca, Limited. 
— The mine ^^ of this company is situated in the Witwatersrand District and 
the mill is handling the typical conglomerate rock of the region. For the year 
ending August 31, 1907, 519,475 tons of rock were stamped.'' This gives a 
daily capacity of 1,423 tons reckoning 365 days to the year. Although the 
mill contains 300 stamps they were not all operated continuously; and, figuring 
24 hours per day and 365 days to the year, only 281.1 stamps were in operation. 
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The recovery of values in this mill is very high, 94.9% recovery being obtained 
for 1907. This is more than 2 points above the highest percent recovery 
effected in any other large South African mill. The yield per ton for the 519,475 
tons treated was $9.83 and the cost for mining and milling Was $5.31 per ton, 
leaving a profit of $4.52 per ton. The general grade of ore mined is much 
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higher than in any other of the large mines of the district; and, in consequence, 
the Robinson Deep is the largest gold producer in South Africa. During the 
Quarter ending September 30, 1907, 103,525 tons of ore were milled, yielding a 
gold recovery of $1,718,522. The cost of mining and milling during this period 
was $4.05 per ton as compared with $5.31 as the average cost for the preceding 
four quarters. 

Rock Houses. 

Ore from the mine is dumped to (1). 

1. Grizzly. From mine; delivers oversize to (2) and undersize to (3). 

2. Two No. 6 Gates breakers. From (1); deliver crushed ore to (3). 

3. Sorting table, 25 feet in diameter. From (2) ; delivers washed ore to 
(5), hand-picked waste rock to dump, and wash water to (4). 

4. Four wooden settling-boxes. From (3) ; deliver overflows to (11) and 
settled sands to (13). 

5. Conveyor belt. From (3); delivers to (6). There are two similar rock 
houses as above, delivering ore to the common hopper (6). 

6. Hopper, receiving ore from both rock houses and delivering to (7). 

7. Conveyor belt. From (6); delivers to (8). 

8. Three hundred stamps. From (7); deliver pulp to (9) and battery 
residues to (10). There are 200 1,250-pound stamps having timber founda- 
tions and 100 1,650-pound stamps having cast-iron anvil blocks with timber 
packing resting on concrete foundations. 

9. Amalgamating plates. From (8) ; deliver amalgam to (10) and pulp to 

10. dean-up room contaimng two mechanical bateas, 4 feet in diameter; 
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three amalgam barrels; one retort; and two bullion furnaces. From (8), (9), 
and (14); delivers bullion to bank. 

11. Two sand wheels^ 42 foi't in diameter. From (4) and (9); deliver to 

12. Spitzhitten, four pyramitlal boxes, 3.5 X 4 X 3 feet; six pyranddiil 
boxes, 3.5 X 3 X 3 feet and eight pyramidal boxes, 3.5 X 2 X 3 feet, arrangefl 
in six rows of three eaeh. From (11); deliver spigots to (13) and overflows to 
(15). 

13. Two tubn mills, 5 feet in diMraeter and 22 feet long* From (1) und 
(12); deliver pulp lo (14j. 

14. Twelve sfiakiiig amalgamating tables, four, 4.75 X 12 feet, and eight, 
4,75 X 6 feet. From (lo); deliver amalgam to (10) and pulp to (II). 

15. Spitzkasten, eight pyraniitlal boxes, X 7 X 4.67 feet. From (12); 
deliver overflows to (10) and spigots to (Itl). 

Ui, Srnnes eolleeting plant containing six conical-bottomed slimes tanks, 
50 feet in diameter and from 12 to lb feet deep; two S-ineh eentrifugul sludge 
pumps; one b-ineh centrifugal ilet^anting pump; and one f»-ineh Suffer high-lift 
pump. Vats receive from (15), (20), and (24); deliver overfly ws to (17) and 
shulge, via pipe, to (IS). 

17- Two steel couical-bi>tlometl return-water tanks, 50 feet in diameter 
and from 12 to lb feet deep. From (IG); deliver, via pump, to either (18) or 
(26). 

IS. Steel slimes-treatment vats. There are six conical-bottom vats, 50 
feet in diameter and from 10 to 14 feet deep, two conical-bottorn vats, 50 feet 
in diameter and fronv 16 to 20 feet deep, four conical-bottom tanks, 50 feet in 
diameter and from 12 to 16 feet deep, and eight inclined-bottom tanks, 40 
feet in diameter and from S. 5 to 12.5 feet deep. Receive sludge from (Hi), 
water for discharging from (17) and solution from (24); deliver decant<Mj first 
wash solution to (22), dt^canted seconil wash sokition to (24), and slimes residue 
to dam. The sludge mid solutions nre handled by four S-inch centrifugal shnlge 
pumps anil two 5-inch centrifugal decatiling iium|>s located in two pump houses. 

19. Ten st(x4 culleeting-vats, 40 feet in diameter and S feet deep, having 
bottom flischarges. Thi* tanks are hose filled. From (15) and (20); deliver 
discliarges, via conveyor bc4ts, to (21) and ovei'flows to (20), 

20- Return-saml Spitzkasten, six pyramidal boxes, each 6.5 X 6 X 5.25 
feet. P'rom (19); deliver spigots, via pump, to (19) am! overflows to (16). 

21. Twenty-eight steed sand-U^acliing vats equipped with HIaisdell aeratora 
and bottom ilischarg(\s. There are fi>uitren top vats, 40 feet in diameter and 
8 feet dee]>, and fourteen b(»tl<nn vats, 40 feet iu diameter, and 9 feet ileep. 
Receive sand from (19) and sedation froju (24); deliver gold-b(niring solution, 
via distrihutitig launtlers, to (23) and sand residues, by mechanical haulage 
system, to ilump. 

22. Slimes filter vats. Two steel vats, 25 feet in diameter and 4 feet deep; 
and three wooden vat:^, 15 feet in diameter and 4 feet deep. From (IS); de- 
liver filtered slimes solution to (23) and residual slimes to slimes dam. 

23. Eighteeu zinc-t*\tractor boxes. Two steel boxes with a zinc capacity 
of 25S cubic feet i^ach, eight steel boxes with a Kim- capacity of 242 cubic feet 
eaeli, ami eight wooden boxes with a zinc capacity of tiOo cubic feet each. From 
(21) and (22); di4ivc^r zinc slimes ami precipitated gold, via bisulphate clean- 
up plant, to (25) and n^sidual solution to (24). 

24. Sumps, There are five steel vats, 40 feet in diamcttT and 8 feet deep, 
for 8ohitions, and one wooden vat. 30 feet in diamett^r and 12 feet deep, for acid 
Washings. The solution vats receive from (18) and (23) and deliver, via pumps, 
to (1(5); (ISJ, and (21). 
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25. Refinery containing one c^aleining ftimace, one reverberator)^ furnace, 
one pan furnace, oiw cupel furnace, and two bullion furnaces^ From (23); 
delivers bullion to bank. 

26. Two mill-water service tank^, 45 feet in iliamcter and 12 feet deep. 
Receive make-up water from slimea dam and weak solution, via pump, from 
(17); deliver to (S). 

§ 1440. Mill No. 110. Ore Reduction Plant of the Simmer Deep, 
Limited, of the (Jon'solidated (Sold Fields of South Africa, Li meted. — 
The ore ^ treated is the typical conglomerate rock of the district and the prob- 
lem is to save the gold. 

In the mill^ the bin framinjx and roof trusses are of stecL Power is furnished 
by electricity, each battery of 10 stumps being driven by a separate motor. 
The capacity is 72,000 tons of ore per month.'' I 

From mill bin tlie ore goes to (1). ' 

L Four hundrefl stamps. From mill bins;; deliver pulp to (2) and battery 
re5i<lues to (3). In the foundations for the stamp mortars, east-iron anvd 
bloeb^ have been done away with, and the mortar box<'s rest directly on con- 
crete. The stamps wri<.di 1,()70 pountls and as the shoes wear down compen- 
sating weights are added and the stamps are never allowed to get belnvv a 
minimum weight of lfii)0 pounds. The battery water is a weak cyanide solu- 
tion supplied from (10). 

2. Amalgamating plates. From (1); deliver amalgam to (3) and pulp to 

3. Clean-up room. From (1), (2),and(o); delivers bullion to bank. Con- 
tains 4 amalgamating barrels, 2 mechanical bateas, 2 retorts, and A bullion 
furnace^s. 

4. Two sand wheels, 48 feet in diameter. From (2); deliver to (5). 

5. Spitzhitten. From (4)^ drliver spigots to (6) and overflows to (S). 
Thirty-six pyramidal boxes, 3,o X 2 X 3 feet, divided into four sets of nine 
buxe^ each to which the* pulp is ctmductetl in four stivams. Each set is three 
boxe-s wide ami the pulp stream is further subdivided into three streams so 
that each portion flows over three boxes successively, across the long dimen- 
sion of each. A by-pass is provided by means of wdnch the pulp current may 
be deflected directly from (4) to (K), 

6. Four tube mills, 5.5 feet in diameter and 22 feet long. From (5); deliver 
pulp to (7). 

7. Twenty shaking amalgamating tables. From (6) ; deliver amalgam to 
(3) and overflow to (4). Each table is 5 ft*et wide and 12 feet long. Five 
tables are fed by the discharge of each tulie mill. 

8. Bpitzkasten. From (4) or (5); deliver spigots to (11) and overflows to 
(9), Fourteen pyramidal buxes, 6 X 7 X 4.07 feet, arranged in seven pairs. 
The overflow's from (5) or pulp from (4) are divided, in a ilistributing box, into 
seven stream5?, each of which flows through two boxes successively. 

0. Decantation slimos plant containing sixteen conical-liottom steel vats, 
70 feet in diameter and 12 X 17.5 feet deep, together with three r2-inch sludge 
pump.s. The vats receive slimt*s in the overflows from (S) and (15), strong 
cyanide solution from (11), solution from which the gold has l)een precipitated 
fnini (IS) via (11), and water for discharj^ing which has been n^turned, via 
f 1 S) . from slimes residue ilam. The vats deliver overflows to ( 10) , first decanted 
wash f>olution to (11), (12) or (IS), and sludgt* to slimes dump. 

10. Two coLu'cal-bottom steel return-water tanks. From (9); deliver, via 
pump, to (19). The tanks are 70 feet in diameter and from 12 to 17.5 feet 
deep. 

IL Two conical-bottom steel solution-vats, 70 feet in diameter and from 
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12 to 17.5 feet deep. The vats receive the surplus strong sand solution from 
(16) togt'thtT with rcstduul solution from precipitating boxes (17) and decanted 
second wash slimes solution from (9). The vats deliver to (9). 

12. Slimes filter vats, four steel vats 40 feet in diameter and 4 feet deep. 
Receive decanted first wash solution or decantetl second wash solution^ both 
from (9). Deliver slimes to slimes dump and filtered solution to (17). 

13* Saml wheel, 32 feet in diameter. From (8) and (15); delivers to (14). 

14* Sand-collecting vats. From (13); tleliver overflows to (15) and sands, 
via conveyor belts, to (16). There are twelve steel vats, 50 feet in diameter 
and S.5 feet fleep, filled by a Butters' distributer and having bottom discharges. 

15, Ret urn -sand Spitzkasten. From (14); deliver spigots to (13) and over- 
flows to (9). There are eight p\*ramiilal boxes, each 6.5 X 6 X 5.25 feet. 

10. Sand-leaching; vats. Fiom (11); deliver sand discharges to sand dump 
via cars, and gold stdutiou to (17) via distributing launders. There are twenty- 
four steel vats, 50 feet in diameter and 10 feet deep. The vats have bottom 
discharges. 

17. Twenty zinc-c*xtractor boxes. From (12) and (16); deUver zine slimes 
with precipitated gold, via bisulphate clean-up plant, to (20) and residual 
solution to (IN). 

18. 8umps consisting of seven .steel vats, 50 feet in diameter and K feet deep, 
for solutions, and two wooden tanks, 25 feet in diamt^tcr and 12 feet deop, for 
aeiil washings of the l>isulphate clean-up plant, Receive decanted second 
wash-water slimes sohitir^n from (fl), residual solution from (17), and sohiiion 
returned from the slimes residue dam. Deliver to (11). 

19. Three mill-water steel service tanks, 50 feet in diameter and 12 feet 
deep. From (10) and water main from dam; deliver to (1). 

20. Refineiy, containing 1 ealcining furnace, 1 rcverberntory furnaeo, 2 
pan furnaces, 2 cupel furnaces, and 3 bullion furnaces. Handles the precipitate 
from the bisulphate plant and delivers buUion to bank. 

B. 6, Amalgamation Followed by Concentration. 

Dredge 111 and Mills 112, 113, 114, and 115 are given as examples of this 
method of saving the values in five districts. 

g 1441. DrtEDGiNG. — There are five kinds ^ of gravel mining: 

Flmt. Ordinary hydraulic minin^; requiring water under pressure, easily 
removable gravel, and room for dumping the washed graveL 

Seeond. There are layers of gold-bearing gravel cappetl with a lava flow, 
or other material, of such great thickness that only underground or drift 
mining is possible. 

Third. There are burs nlung the rivers rest wig on a hard bedrock, which 
cannot be worked by dredges because the bedrock is so hard; or which must 
be worked by hydraulic elevators on account of the lack of adecjuate dumping 
facilities. Yet in this ease it must be understood that even hydraulic eleva* 
tors are of little or no value if there is an excess tlepth of water, and again they 
have a very low efhcieney. 

Fourth, There are large tracts of gravel in dry areas which are neither deep 
nor covered with lava and, therefore, alTord good opportunities for tlie u.se 
of steam shovels. The usual objection to steam shovels, that the great rush 
of water out of the bottom of the dipper carries bark much of the gokl, is in 
this case removed, since the gravel may be shoveled dr'y from the banks. 

Filth, There is the gravel, with an excess depth of water, resting on a soft, 
fairly level bedrock, and preferably containing verj' few large boulders, which 
can be worked only with dredges. 




From the above it wilt be deduced that a dredge is applicable only under 
certain special conditions. The necoHsity of a soft bedrock is due to the fact 
that the gold often lies very near it and, moreover, by the necessary agitation 
of the gravel during the process of dredging, some of the gold escapes to the 
friable bedrock and it often becomes necessary to dredge into the beclrock itself 
for a short distance, as the gold in it can only be removed by the application 
of a jet of water. Not infrequently the friable bedrock is gold bearing near its 
contact with the graveL For these reasons a bedrock which cannot be removed 
by the dredge may be fatal to success, Clencrally speaking gravel and bed- 
rock which can be loosened with a pick may be dredged; but rlrcdging has been 
successfully performed where some bhisting was required, although blasting 
adtb from two to three cents per cubic yard to the costs. 

By a dredge is meant the continuous-chain bucket type as distinguished 
from tlippcrs, clam-shells, etc. The two heading dredges *' *** are those of the 
Bucyrus Company *** and the Risdun Iron Works.*** Cuts of the former are 
given in Ore Dressing, Vol. II., pages 1010 and 1011, and since the dredges 
are so nearly alike the main diflereru'e will be pointed out without tht* aid of 
another illustration, Tht* chief differences between the two are in the buckets^ 
guy wires, and spuds. The Eucynis bucket consists of a heavy cast-sttH»l 
base to which is riveted the back and wearing lip; while the Risdon is of the 
built-up type and appears to be the more economical of the two because of 
the difference in repair costs. The Risdon dredge is moved by means of four 
guy wires at the corners of the hull; and held against the bank by a fifth, 
or head line. The Bucyrus is provided with a steel spud at the rear end, which 
prevents the dredge from backing away from the bank; and an additional 
wooden spud is provided to use iiLstead of the steel sputl, when ^'walking'' the 
dredge about by means of the four guy wires at the corners of the hull Where 
the surface of the ground being dredged is level, there is difference of opinion 
respecting these two methods; but with an uneven surface, or in hard or deep 
gravel, th<* spuds are preferable. Most of the operatora at Oroville, California^ 
equip their dredges with both, but use the head-line oidy in emergencies. The 
Risdon dredge ^^ employs a revolving screen or trommel, and the Bucyrus, 
a shaking screen; but both makers supply either. A revolving screen is 
preferable*' with ores containing clay, because the sticky gravel and clay may 
be more perfectly washed free of gold, due to the constant tumbling of small i 
fxiulders onto the clay balls and the constant exposure of new surfaces to the 
free actiim of jets of water. Where a shaking screen can be used, it is employed, 
because its first cost and later repaii*s arc both cheaper, since it makes a more 
efficient use of its screen surface, it has a greater capacity per unit of screen 
cloth, and it distributes the gravel more evenly to the tables. For elevating 
anil stacking the tailings both the conveying belt and chain of buckets are 
UBCfl. The former, used on all other than Risdon dredges, is less expensive 
in first cost and more quickly repaired; but the latter, used on Risdon dredges, 
will nm for a longer time without necessitating a shut-down. There is a differ- 
ence of opinion on the question of which of the two methotls is the cheaper 
in the long nm. The belt runs at a maxinrnm grade"' of 20°; but the chain 
buckets are usually run at 35^. Centrifugal stackers have been used success- 
fully in New Zealand, but there are none in this count r^^ They have the 
advantages of smaller first cost, less weight, anrl the same efficiency. Of the 
gold-saving appliances, cocoa matting and expanded metal, or iron mesh, are 
commonly used**'** by the Risdon dredges; while the Bucyrus Company pre- 
fers ^ '*^ riffles and quicksilver. Both builders, however, supply either. The 
riffl(*s and mercur>' will save more fine gold than the matting and expanded 
metal if the gold is amalgamable, and consequently are, in the majority of cases, 
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preferred.'"® Tn this connection it should be stated that arsenic in the gold 
will prevent its amalgamation. Where platinum is to be saved, or the gold 
is coarse or ^* rusty'* and wiil not amalgamate, the matting or plush with the 
expanded metal must be used. 

Dredges are built by the Bucyrus Company with a bucket on every link, 
called '* close connected/' and by the Ris<lon Company with a link between 
each bucket called "open connected/' The former with les8 speed will dig 
more gravel if it is loose; while in hard ground the question of the greater 
capacity has not been settled. Where there are large boulders the "open- 
connected" type must be used or the backs of the buckets will become jammed 
and broken. The speed attained is from IS to 25 buckets per minute by the ■ 
"close-connected'' type and from 12 to 15 buckets by the " open-connected " I 
type. The capacity of buckets varies from L25 to 13 cubic feet of loose gravel; 
they usually carry from 3 to 5 cubic feet. A dredge is rated according to the 
capacity of its buckets and those rated at from 3 to 5 cubic feet will handle 
from 15,0fX) to 8.3,000 cubic yards (bank measurement) per month. The 
hull length of a 3 to 5-foot dredge " runs from 70 to 1 10 feet, the width from 
27 to 40 feet, the draught from 3 to 5 feet^ and the horse-power consumed varies 
between 40 and 150. 

The total cost of dredge and equipment^ in the case of a 3 to 5-foot dredge, 
IS from $30,000 to §250,000. The crew consists of 1 foreman at $5 per day, 
3 winchmen at 83 to $3.50 per 8 hours, 3 oilers at S2 to $2.50 per S hours, 1 
blacksmith at $3.50 for 10 hours. 1 blacksmith helper at $2 to $2,50 for 10 hours, 
and 2 Chinese roustabouts at SI. 75 to 12.50 per day — a total labor cost of 
$29 to $3 1 per day besides the superintendent's sahiiy which is usually divided 
up b* 'tween several dredges. 

The cost of operating depends" upon: (1) The cost of power. (2) The 
rate of wages. (3) The number of dredges under one management. (4) 
Whether or not a company has its own machine shop, as repairs are one of the 
chief factors, (5) The hardness of the ground. (6) The size of the buckets, 
for th(^ crew requirer! for a small dredge is about the same as for a large one. 
(7) Whether the buckets arc *'open'' or ''close" connected. (8) Whether a 
belt or bucket stacker is used. (9J Whether a revolvitig or shaking screen is 
employed. (U)) W heather a sand pump is used to elevate the fine tailings; 
this requires considerable power and is not done unless necessar}^ to keep the 
waste gravel from interfering with the movements of the dredge. (11) The 
age of the dredge, for it is a machine which depreciates ver}' rapidly. 

The position of the bedrock, as well as its hardness, must be predetermined, 
as a dredge will only work down to 70 feet below the water line and much mom 
economically at from 30 to 60 feet below the water level. The dredge diggers 
will also handle a bank 20 feet above the water Une; but they do the most 
efficient work when operating at an angle of 45*^. Prospecting is carried on 
by shaft sinking; or, more usually, by drilling holes at regular intervals with 
a churn drill, of which the Keystone Ko. 3 traction drill is a representative. 
The gravel removed from the shaft or drill hole is panned or rocked, by which 
means an estimate is obtained of the amount of gold a dredge will save. 

The total cost" of operation varies between 3.0 and 10.0 cents per cubic 
yard (bank measurement) excavated, and the average California figure is be- 
tween 6.5 and 8.5 cents, made up as follows: General expenses, inchuling taxes 
and the cost of prospecting, lf>.0%; labor, including superintendence, 30.6%; 
electric power, 14.9%; tools, etc, 4.1%; repair parts, 30.1%; and sundiy ex- 
penses, 4.3%. 

§ 1442. Mill No, 111. Method of RKCovEmNG Gold from Black Sakd, 
AS Illustrated by the Plant of the Gold Bluff Mining Co., Orick, Cali 
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FORNtA. — This plant* consisting of a 40 X 80 foot dredge of the elam'shell 
dipper type, aad a floating wtish house, 28 X 60 feet, is working on the ocean 
beach at Gold Rhiff, California. 

The material haiitUed is ordinar>' beaeh sand,, consisting prinripally of 
quartz, but containing from 1 to 2% of the heavy black sand minerals (magne- 
tite, ilmenite, and chromite), about 0,5% of garnet or ruby sand, 0,5% of zircon, 
pnd from 5 to !(*% of light pyroxene silicates. The gdld content of the sand 
mries considerably, but averages about 37 cents per cul>ic yard or 25 cents 
per too. The values occur in very fine flaky particles, 95% of which will pass 
through a 60-mesh sieve. Some of the colors are microscopic, Only about 
20% of the gold will amalgamate because of the presence of animal and vege- 
table greases with which it has come in contact. In purity the gold ranges 
from 940 to 960 parts fine. Platinum metals are also present in minute quan* 
titles. 

The dredge has an excavating capacity of 2,500 tons per 24 hours, but aa 
the washing plant can handle only 1,200 tons in the same time, the dredge is 
never run to its full capacity. 

The original sand in the beach goes to (1). 

1. Dredge dipper of the clam-shell type with a capacity of 3 cubic yards 
or 4.5 tons. Delivers sand to (2). 

2. Feed hopper with a capacity of 25 tons. This hopper is in the form of 
an inverted pyramid, 12 feet square and 45 feet deep. It is supported from the 
dredge by a steel and timber construction which leans at an angle of about 
2(P, holding the hopper directly over the center of the front end of the wash 
house. This method of support is adopted in order that the varying weight of 
sand contained shall not disturb the level of the wash house and thus interfere 
with the proper working of the washing apparatus. The upper edge of the 
hopper is 38 feet above the water level. Inside the h<>|jjK'r, an<l 4 feet from 
the top, there is a coai^e grizzly made of stout iron bais having openings 1.5 X 
0*75 feet. This is for the purpose of catehing pieces of wood, of which there 
is a great deal in the beach, and thus preventing the same from clogging up 
the discharge. 

A stream of water from an 8-inch pipe under a 3-foot head, playing directly 
beneath the grizzly, carries the material out of the hopper. From (2) ; deliver 
to (3). 

3. Grizzly* 2 feet long and L5 feet wide, constructed of iron bars 0.5 inch 
thick and 1 inch tleep. Space between the bars is 1:25 inrhes at the liead of 
the grizzly and L5 inches at the foot. .Slope is 3(F. Frum (2); delivers over- 
size» via rock chute, to dump and undersize to (1). 

4. Shaking screen, 2X2 feet. Screen is of ircui-wir*^ clotli, 1 mesh with a 
wire O.lSTo inch in diameter, net width of hole 0.?S125 iricli. Slope of the screen 
is 15® and it makes 40 throws per minute. From (3); delivers oversize, via 
rock chute, to dump, and undersize to (5). A spray of water washes the over- 
size clean. The oversize on this screen, together with that on (3)^ amounts 
to about 10% of the original material. 

5. Two concentric cylindrical trommels, 6 feet long and 3 and 4 feet in 
d slopes of 1.5 inches to the foot, and making 10 revolutions per minute. 
1 1 OS are of iron-wire cloth, the inner one being 0,375 inch wide and the 
outer one 0J875 inch wide. Spray water is introduced from both top and sides. 
The oversize amounts to about 15% of the original material. From (4); de- 
livers oversize on both screens, via rock chute, to dump, and undersize to (6). 

6. Distributor, dividing the sand inlo 28 equal portions. From (5); de* 
livers, via launders, to (7). 

7. Tliirty cocoa-matting tables, 3 feet wide, 15 feet long, and sloping 1.. 




inches to the foot. Each table is provided with a head-box and mercury trap 
used to retain any anjalgam or quit'k??i!v<^r which may ont^r in the feed. The 
presence of this quicksilver in the material is due to the fact that tons of mer- 
cury were lost when the beach wa^ firt?t worked by hand methods. Tom-heads, 
4 feet long and spreading to the width of the table, distribute the sand evenly 
to the cocoa matting. The feed is so arranged that 28 tables arc receiving 
pulp while 2 are being washed down. This washing down is done in a continuous 
round, the concentrates from each table being hosed otT about every 25 minutes. 
From (6); deliver tailings, via tailings sluice, to dump, and concentrates to (S). 

8. Rough concentrates box, capacity 5 tons. From (7); delivers to (9). 

9. Bucket elevator with rubber belt and cast-iron buckets. Elevates to a 
vertical height of 8 feet. From (8); di'livers to (10). 

to. No. 5 W'ilfley table making 240 strokes per minute. length of stroke 
U-S75 inch* From (*)); delivers black sand concentrates to (11) and tailings, 
via launder, to waste, 

IL Shaking silver-plated copper amalgamating plate attached to the con- 
centrates end of the Wilfley table and sloping in the opposite direction. This 
plate is 10 inches wide an<l 3 feet long and is kept in good condition with weak 
cyanide solution and sodium amalgam. From (10); delivers amalgam to re* 
tort, and sand, via buckets on overhead crawl tram^ to (12). 

12. CUnm-up Imrrel, 5 feet long, 3 feet in tliameter, making 12 revolutions 
per niinuti!. Three hundred and fifty to 500 pounds of material are fed in one 
charge with enough water to give a rather thick pulp, 0.25 pound of caustic 
potash, and from 7 to 10 pounds of mercuiy are added. Six to S iron balls, 
weighing 5 to 6 pounds each, are used in the barrel. The charge is treated for 
20 minutes. From (11); delivers to (13). 

13. Bin having a capacity of 1 ton. From (12); delivers to (14). 

14. Bucket elevator having rubber belt and cast-iron buckets. Elevates 
to a vertical height of S feet. From (13); delivers to (1.5). 

15. One 2-inch hyfiraulic classifier. From (14); delivers spigot of mercury 
and amalgam to retort, and overflow to (16), This classifier is run with a closed 
spigot consisting of an aciil carboy. 

16. Silver-plated copper anialgamating-plate, IS inches wide and 4 feet long. 
This plate catches most of the floured quicksilver and fine amalgam in the over- 
How of the classifier. The plate sweats, but the amalgam and quicksilver are 
caught in a double set of mercury traps located below the plate. From (15); 
delivers annilgam to retort, and sand to (17). 

17. Xo. 5 Wilfle}; table making 240 strokes per minute. Length of stroke, 
0.875 inch. From (10) ; delivers concentrates (the first inch of the concentrates 
fan) to bin and thence to smelter, and tailings to waste. 

A Babco(4v and Wilcox water-tube boiler of 250 horse-power furnishes st^am, 
under 120 i>oimds pressure, to the following machines: 

Two direct-connected 60 horse-power Atlas engines which raise and lower 
the dipper; a 10 horse-power engine used to swing the dipper horizontally; a 
35 Imrse-power Atlas engine used to run a 10-inch centrifugal pump which 
furnishes the total water supply for the plant. This engine also runs the 
clean-up barrel; an 18 horse-power vertical engine used to run 2 elevators and 
2 Wilflcy tables; an 8 horse-power high-speed vertical engine used to run a 
3.0-kilowatt flin^ct-current generator which supplies the lights; steam pump for 
boiler feed, syphims, etc. 

The boilers burn 3 cords of wood in 10 hours, costing S2.50 per cord. 

The plant is operated during a day shift of 10 hours, but is prepared to 
operate nights as well Ten men are employed as follows: 1 general foreman; 
1 engineer and blacksmith; 1 firemaij; 1 lever-man; 1 man to tend large feed 
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hopper, grizzly, and screens; 1 boy on the divider; 2 men washing cocoa-matting 
tables; 1 man tending clean-up barrel and Wilfley tables; and 1 roustabout. 
Average wages are $2.50 per day. 

The washing plant handles 400 tons of original material in 8 hours and this 
amount of material is therefore taken as the unit. Data showing the approxi- 
mate concentration and extraction on this basis are given below: 

400 tons of original sand at 25 cents $100.00 

100 tons removed by grizzly, screen, and trommels, losing perhaps 

(waste) : 0.10 

300 tons feed to cocoa-matting tables at 33 J cents 99.90 

285 tons of tailings from cocoa-matting tables at 14 cents (waste) 39.90 

15 tons rough concentrates from cocoa-matting tables at $4 60.00 

12 tons of tailings from first Wilfley tables at 25 cents (waste) 3.00 

3 tons of concentrates from first Wilfley at $19 57.00 

Amalgam on first amalgamating plate (saved) *15.00 

3 tons first plate tailings at $14 42.00 

Spigots of hydraulic classifier yields (saved) *33.00 

3 tons overflow from classifier at $3 9.66 

Amalgam from second amalgamating plate and traps (saved) *3.00 

3 tons of tailings from second amalgamating plate at $2 6.00 

10 pounds of concentrates from second Wilfley table at 50 cents 

(saved) *5.00 

3 tons of tailings from second Wilfley table at 33 J cents (waste) 1.00 

Out of a total loss of 44%, 39.9% occurs in the tailings from the cocoa- 
matting tables. Only 4% of the total value is lost by the entire process once 
the sand gets to the first Wilfley table; and of the $60 in the feed to this table, 
$56 or 93.33% is recovered. 

This high extraction shows the efficient work of the Wilfley tables. The 
very poor work of the cocoa-matting tables is partly due, in this particular 
plant, to the fact that they are not washed down often enough. The interstices 
in the matting become completely filled with heavy or coarse sands in about 
15 minutes, but the tables are washed once every 25 minutes and sometimes 
they are under feed for over half an hour. During the latter 10 or 15 minutes, 
therefore, the sand simply goes to waste and only a very small percentage of 
the gold is saved. The speed of washing cannot be increased because of the 
design of the plant. Finer screening would, however, aid to reduce the loss, 
as it would not only lessen the feed by the amount removed in the oversize, 
but would also entirely remove the coarser particles of silica which stop on the 
matting table with the black sand. But even when these losses are taken into 
account, the cocoa-matting table (including burlap, carpet, blanket, expanded 
metal, canvas, etc., all of which have been tried at this plant) is still not an 
eflScient apparatus for saving fine-gold values. There are many inherent diffi- 
culties in the tables themselves, and as fine-gold savers they lack principle and 
design, are inefficient and un.scientific. 

§ 1443. Mill No. 112. The Central Mill of The Twelve Apostles 
Mine, Gurabarza, Transylvania, Hungary. — The economic mineral is 
gold, which occurs both in a free state and mechanically combined with metallic 
sulphides.'^ The gangue rock is of volcanic origin and consists of trachyte, 
porphyry, greenstone, etc. Good ore is distinguished from poor, by panning 
tests for free gold. This method is satisfactory, as it has been found that 

^ Total saving b $56 correspoading to an extraction of 56 percent. 
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where little free gold occurs there is also very little gold rontaincd in the suJ- 
phidf^s. Moreover, piiTioitig tests are necessary as the actual gold roolfnt of 
the rock varies within witle limits. Very rich ores are kept separate and are 
worked op by hand, by crushing and amalgamating in large iron mortars. 
The mi!l has an average capacity of 465 tons of ore per 21 hours. 

Ore from the mine is hauled in cars of about 0,7 ton capacity to the upper 
flour of the rock house and ilumped, by means of a tipple, to (1). Thirty to 
thirty-five of these mine cars are handled in one train. The motive power is 
supplied by a Siemens and Ilalske electric locomotive, model 99. 

Rock House. 

1. Grizzly with 60-millimeter spaces between the bare. From the mine, 
delivers oversize to (2) and undersize to (3). 

2. Goliath rock breaker. From (1); delivers crushed ore to (3). Set to 
break to between 30 an<l GO millimeters. 

3. Storage bins. From (1) and (2); deliver to (4). Bins have a capacity 
of 200 tons. Ore from different workings is kept separate. 

Aerial Tram, 

4. Bleichert Aeria! tram. From (3); delivers to (5). 

MUL 

.5. Mill bins. From (4); deliver to (6). 

6. Automatic Chailenge fet-dfrs. From (5); deliver to (7). 

7. One hundrrd imd ninety California gravity stamps. From (6); deliver 
pulp to (8) and amalgam, from bi-monthly clean-ups of the battery residues, 
to rt^tort. The stamps are arranged in eighteen ?«*parate sections. Twelve 
sections, each consisting of two r>-stamp batteries, have stamps weighing 770 
pounds each. Four sections, each consisting of three 5-stamp batteries, have I 
stamps weighing 376 pounds each. Two sections, used for experimental ^ 
l>urposes, each have one 5-stamp battery %vith stamps w*eighuig 376 pounda 
each. Of the total UIO stamps, 120 weigh 770 pounds each, and 70 weigh 376 
ptumds carlu Fidp is stamped through a 30-mesh wire cloth screen havhig 
0.3-nullimeter openings. The heavy stamps have a capacity of 2.5 to 3.5 
tons per 21 hours, anfl the lighter stamps crush from 1.2 to LS tons in the 
same intr^rval. The stamps drop 1*0 times a minute through a distance of 120 
to 160 millimetei'^. The Ijatteries are provided with inside silver-plated copper 
plates whieli are cleaned up every two weeks. 

8. Amalgamating plates. From (7); deliver pulp to (9) and amalgamg^ 
at bi-monthly clean-up, to retort. There are tlu'ce silver-plated copper platen 
to each battery, They are placed in step fashion one after the other. 

U. Mercury trajis. From (S); deliver amalgam, at monthk clean-up, to 
retort and pulp to (10). 

10. Two hundred small canvas tables arran({ed in two sections. From 
(9) through the mefhuni of a general launder. Boys hose off these tables; 
from time to tinH% washing the concentrates into rectangular wcuiden boxesr 
which are dum]>ed, by hand, into tram ears w^hich carry thrm to (11)* Tail- 
ings go to (10). The tabk'S are 1.5 meters long and 0.5 meter wicle. 

11. Bin in pan-amatganniting room. From (10); delivers to (12). 

12. Six amalgamating pans, F2 meters in diameter. These pang have a, 
capacity of 500 to (300 kilograms and wT*rk up a charge in about 2 hours. Fro: 
(11); deUver both amalgam and pulp to (13), 
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13. Three settling pans, 2 meters in diameter and 1.3 meters deep. Fium 
(12) J deliver eonf'<*ntrates to (14) and overflows to (16). 

14. Bin. From (13); dclivt^rs to (15). 

15. Six wash trommels^ 3 metcrH long and (17;> mt'tt^r in diameter. From 
(14); deliver amalgam to retort, concentrates to (22), and wii^hings to (16). 
The trammels serve simply for washing the amalgam and eoncent rates, and 
cleaning both produets. 

The pan-amalgamation system serves more than anything else as a cheek 
on the work done by the plates, and is to be done away with in the near future 
to make room for more stamp batteries. 

The gold obtained from letorting amalgam is about 700 parts fine. 
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Slimes Plnnt, 

16. Two sand wheels. From (10), (13), and (15); deliver to (17). 

17. Two series of Spitzkasten. From (16) ; deliver spigots of coarse material 
to (18), 8 grades of finer material to (19) » and finest malerial as overflows to 
(20). 

18. Ferraris concentrating tables. From (17); deliver two grades of eon- 
centrates to (22), middlings to (1<»), ami tailings to (21). Besides a feed from 
(17), these tabli\s receive additional pulp from another plant located at Uutia, 
At this hitter plant the ore, originally low in pyrite, in pas.-ing thiough 200 
meters of sluice, is subjected to a natural concentration and. when shuveletl 
into carts, contains about 30% of sulphides. This material is brought to the 
plant at Gurabar^a an<l fed directly to the Ferraris tables, 

19. Eight double Bilharz tables. From (17); deliver concentrates to (22) 
and tailings to (21). The ore receives two treatments on each table. 

20. Two tabU^s. From (17); deliver concentrates to (22) and tailings to 
(21). 

21. System of settling boxes. From (18), (19), and (20) ; deliver clean water 
to mill system, and settlings to waste. The tailings carry from (J. 5 to L5 grams 
or 0. 0173 to 0.0519 ounce of gold per ton and lliis loss represents from 12 to 20<^ 
of the total gold content of the ore. 

22. Smelters located in Schenniitz and Zalatna. The concentrates run from 
65 to 70% sulphides. 

Power is furnished the mill by four Hoot water-tube boilers with super- 
lieatei*s supplying nteam at 150 pound.s pressure to a 550 horse-power ei>mpnund 
engine. This engine operates tlynamos which, by suitable transmission lines, 
supply power to such places in tin* mill as need it. 

J 1444. Mill No, 113. Mill of the (*apital Minin*; asu Tinnkl Com- 
PANY, Georuetow.V, CoLuiiAUoJ" — The capacity uf this plant is about 175 
tons per 24 hours.** The econornif* minerals are gokl, and argentiferous chal- 
copyrite, galena, sphalerite, and pyrite in a gangue made up of some hard quartz, 
d the balance soft tlecomposed feldspar. Some high-gratle smelting ore is 
iiand picked and shipped crude. The problem is to save the economic minerals. 

Ore from the mme is delivered to (1). 

1. Grizzly with 1-inch spaces between tlie bars, From the mine; delivers 
oversize to (2) and nndiTsixe to (6). 

2. Receiving bin. From (I); delivers to (3). 

3. Blake breaker with a 9 x 15-ineh jaw opening. From (2); delivers 
crushed oit* to (4). 

4. Conveyor screen. From (3); dt^livers ovei^size to (5) and undersize to (G)* 

5. Samson breaker with a 7 X 15-inch jaw opening. From (4); delivers 
crushed ore t<i (6). 
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6. Elevator. From (1), (4), and (5); delivers to (7). 

7. Sampler. From (6) ; delivers sample to assuyer, and reject to (S), 

8. Distributing bin. From (7); delivers to (9). 

9. Plunger feeder. From (S) ; debVei-y to (10). 

10. Two (Hoot Chili mills eruyhlng through screens with 20 meshes to the 
inch. From (Dj ; deliver palp to (11). 

11. Two amalgamating plates, 6X9 feet. From (10); deliver amalgam 
to retort, and puip to (12). 

12. Two distributoi's. From (11); deliver to (13). 

13. Two 50-ton Pierce amalgamators. From (12); deliver amalgam to 
rcton, and pulp to (14). 

11. Two elevators. From (13); deliver to (b'i), 

15. Two Bosco sizers with 5 spigots each. From (14); deliver spigots to 
(16) and overHuws to wa^te. 

16, Ten Card tables making 240 0.75-ineh throws per minute. From (15); 
deliver galena concentrates to (23), iron-siine eoneent rates to (22), middlings 
and slimes altemately to (17), and tailings to waste. 

17. Three sand pumps. From (16); deliver to (IS) or (19). 

18, Two Callow settiing tanks. From (17); deliver spigots to (20) and 
overflows to waste. 

UK Callow settling tank. From (17); delivers spigot to (21) and overflow 
to waste. 

20. Two Card tables set quite flat. From (18); deliver galena concentrates. 
to (23), iron-zinc concentrates to (22), ami tailings to waste. 

21. Two Card tables. From (19); deliver galena concentrates to (23) , 
iron-zinc concentrates to (22), and tailings to waste. 

22. Three iron-zinc distributing boxes. From (16), (20), and (21); deliver 
to (24). 

23. Three galena distributing boxes. From (16), (20), and (21); deliver 
to (25). ^ 

24. Six Bosco drainage boxes for iron-zinc concentrates. From (22); de- 
liver concentrates to (2S) and drainings to (26). 

25. Six Bosco drainage bnxes for galena concentrates. From (23); deliver 
concentrates to (2s) and drainings to (27). 

26. Bosco settling launders for iron-xinc settlings. From (24); deliver 
settlings, periodically, to (2S) and pulp to waste. 

27. Bosco setthng launders for galena settlings. From (25); deliver set- 
tlings, periodically, to (28) and pulp to w^aste. 

28. Four shipping bins. From (24), (25), (26), and (27); deliver, via cars, 
to smelter. 

The crude ore carries about $6 in gold and silver values, mostly gold. About 
85% of this is recovered, 

§1445. Mill No. 114. "The 60 Mill'' of the Tomboy Gold Mines 
Company, Limited, Tellurioe, Colouado."* — ^This mill,^* located in Savagq 
Basin about fi%^e miles from Telluride, has a capacity of 300 tons per 24 hours. 

Practically all the ore, now milled, comes from the Ar|!:t*ntine vein which is 
from 8 to 16 feet wide, and assays between $8 and §15 per ton. averaging about 
$10." *** It is a gold and silver-bearing quarts and sulphide ore of a char- 
acter adapted for treatnu'nt by umalgamation ami concentration."* 

The problem is to save the gold, silver, galena, sphalerite, and pyrite. 

The ore comes from the mine, via cars, and is delivered to (1). 

1. Coarse grizzly^ 12.25 feet long with 8-inch spaces between the bars, w4uch 
have a slope of 24^^ and are made of T*rails, weighing 87 pounds per yard, set" 
bottom up. From the mine; ilelivers oversize to (2) and untlersize to (3). 
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2. Hand sorting and spalling. From (1) ; delivers waste to dump, and hand- 
broken ore to (4). 

3* Small grizzly, 8 feet long with 1,5-inch, spaces between the bara which 
have a slope of 1^8.5^ and are wedge-shaped; 1.5 inoheB deep by 0,75 inch wide 
on top, and 0.375 inch wide on the bottom. From (1); delivers oversize to 
(4) and underisize to (5). 

4, One No. 5^ style *' D/' Gates breaker, bj*eaking to 1.5 inches. Cone makes 
150 gyrations per minute and breaks 25 tons per hour. Cast munganese-steel 
concaves are 3,25 inches thick and higt 1 year, while cone mantles, of the same 
material, last 3 years. From (2) and (3); delivers crushed ore to (5). 

5. Wooden bin and landing chute having a capacity of 4 tons, and a bottom 
sloping at 45°. From (3) and (4); delivers, via gravity, to (G). 

0. One 14-inch Robins belt conveyor with a 6-ply Ijelt having a conveying 
length of 140 feet, a speed of 350 feet per minute, and a life of 2.5 years. From 
(5); delivers to (7). 

7. Wooden ore-bins having 300 tons capacity and bottoms sloping at 45*^. 
From (6); dehver, via gravity, to (8). 

S. Twelve Challenge feeders. From (7); deliver to (9). 

9. Sixty stamps in 12 AlJis-Chaluiers No. 77 *'G'* straight-back, shallow- 
bottom moitars, w(*ighing 3.4 tons each. The stamps weigh 1,050 pounds 
each, and make 100 drops per minute in the following ortlers: 1, 3, 5, 2, 4 and 
5, 3, 1, 4, 2. The height of drop for numbers 1 and 5 is 7.5 inches; for num- 
bers 2 and 4, 7 inches; and for numlier 3, which is the feed stamp, 0,5 inches. 
The height of discharge averages 3 inches and the capacity per stamp per calen- 
dar day, when crushing through a W. S. Tyler 20'niesh longitudinal-slot rolled- 
wire screen (horizontal wire number 28 and vertical wire somewhat coarser), 
was 4.689 tons as an average of 8 montlis running, or 5.22 tons per 24 hours of 
actual running time. From (8); deliver pulp to (10). 

10. Twenty-four amalgamating plates, 5X8 feet, two in series with a 
2-inch drop between them and matle of sUver-plated copper. There are also 
12 lip plates inches wide. From (9); deliver amalgam to (13) and pulp to 

11. Twelve Pierce amalgamators with 13 riffles each. From (10); dehver 
amalgam to (13) and pulp to (12). 

12. Twelve pyramid quick traps. From (11); deliver amalgam and quick- 
silver t-o (13) and pulp to (15). 

13. Clean-up room. From (10), (11), and (12). The amalgam and quick- 
silver is cleaned and squeezed^ making quicksilver which is rc-uscd and hard 
amalgam which goes to (14). 

14. Two 10-inch cylindrical retorts. From (13); deliver quicksilver which 
is re-used and crude bidlion which is refined into dore bars and sent lo bank. 

15. Three 12-inch elevators with S-ply belts have speeds of 405 feet per 
minute, are supplied with sheet-steel buckets, X 10 inches, and have a life 
of 10 months. They elevate 000 tons 25 feet per 24 hours. The belts have a 
li/e of 10 months. From (12); deliver to (16). 

10. Three 24-inch Callow duplex traveling-belt screens^ of 35 mesh, 31 
ire, having speeds of 100 feet per minute, capacities of 100 tons per 24 hours, 
d a life of 4 months. From (15) and (21); deliver oversize, between 20 and 
35 mesh, to (17) and undersize, through 3') mesh, to (22), 

17, Three No. 5 Wilfley tables making 240 0.875-inch throws per minute. 
Each handles 27 tons per 24 hours and requires S gallons t^f wash water per 
minute. From (16); deliver lead concentrates to (32), middlings (Fe, Zu, SiO„ 
and tiome Pb), to (18), head watei^ to (19), and tailings to creek. 

IS, One No. 5 Wilfley table with iletails as in (17). From (17); deliveins 
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lead concentrates to (32), middlings (Fe, Zn) to (33), head water to (19)^ and 
tailings to creek. 

19. (Jne 2.5-innh Byron-Jackson horizontal centrifugal pump^ making 1,375 
revolutions per minute and handling 150 gallons of gritty water pt^r minute 
a*rainst a head uf 45 feet. Runners and liners last 4 mouthy. From (17), (IS)^ 
(24), (25), and (28); delivers to (20). 

20. One 8-foot Callow pulp-thickening and settling tank. From (10); 
delivers thickened pulp, via siphon bottom discharge, to (31) and overflow to 
(21). 

21. Wooden reservoir, 8 feet in diameter and 5 feet deep, FiX)m (20); 
delivers water for shaking spraya in (10) and (23). 

22. Three 4-foot Callow sloughing-ofT tanks. From (16); deliver sand, 
via siphon bottom dischar^^e, to (23) and overflow (mostly slime.s) to (26). 

23. Three 24-inch Callow duplex traveling-belt screens of SO mesh, 38 wire, 
havitig speeds of ?S0 feet per minute, capacities uf 00 torts per 24 hours, and a 
life of from S to 10 weeks. From (21) and (22); deliver oversize, between 35 
and 80 mesh, to (24) and undersize, through SO mesh, to (20). 

24. Three No. 5 Wilfley tables making 24U 0.75-inch throws per minute. 
Each handles 25 tons per 24 hours and rccpiires 0.5 gallons of wash water per 
minute. From (23); deliver lead concentrates to (32K middlings (Fe, Zn, SiO^, 
and some Pb), to (25), head waters to (19), and tailings to creek. 

25. One No. 5 Wilfley table with tletails as in (24). From (24) ; delivers lead 
concentrates to (32), middlings (Fe, Zn) to (33), head water to (110, ami tail- 
ings to creek. 

26. Twelve 8-foot Callow pulp-thickening and settling tanks. From (22) 
and (23) ; deliver thickcuied slinu\s ami througli SO-mesh sand, via siphon bottom 
discharge^ to (27), and overflows, w^th little slinu*s, to creek. 

27. Six No. 5 Wilfley tables making 240 0. 625-inch throws per minute. Each 
handles 24 tons per 21 hours and reiiuires 6 gallons of wash water (jer minute. 
From (20), fed with through St)-mesh stuff; deliver lead concentrates to (32), 
nuVhJliiigs (I'e, Zn, Si(K, and some Pb) to (28), head waters, very thick ami 
shmy, to (20), and tailings to creek. 

2S. One No. 5 Wilfley table with details as in (27), From (27); delivers 
lead concentrates to (32), nuddlings (Fe, Zn) to (33), head water to (ID), and 
tailings to creek. 

29. One 2-inch Traylor horizontal centrifugal sand pump, making 1,031 
revolutions per minute, and handling 50 tons (ilry) of slimes and water per 24 
hours against a head of 10 feet. Liners and runnt^rs last 3 nmnths. From 
(27); delivers to (30). 

30. 8ix s-foot Callow pulp-thickening and settling tanks. F>om (29); 
deliver thickeuinl pulp, via siphon bi>ttum tlischarge, to (31) and overflows, 
with little slimes, to creek. 

31. Twelve 6-foot Frue vanners, making 220 1-inch throws per minute. 
Each haudh^s 4 tons per 2 } hours and requires 0.4 gallon of wash water per 
minute. Belt travels 4 feet per minute. From (20) and (30); deliver lead 
concentrates to (32) and tailings to creek. 

32. Wet lead-concentrates bin which is made of wood and has a capacity 
of 12 tons and a flat l>ottom. From (17), (18), (24), (25), (27), (28), and (31); 
d*divers, via screw conveyor, to (34). 

33. Wet iron-zinc concentrates bin with details as in (32). From (18),. 
(25), and (28); delivers, via screw conveyors, to (35). 

34. Stearus- Roger scraiung conveyor set on arT incline of 30°, making three 
1.5-foot strokes per minute^ and having a capacity of 25 tons per 24 houns. 
From (32); delivers to one compartment in (36). 



I 1445. Mill 114. 



OUTLINES OF MILLS. 



1(363 



35* SU'ams- Roger scraping conveyor with details as in (34), From (33) j 
delivei's to one compartment in (36), 

36. Two-compartment Stearns-Roger horizontal scraping conveyor and 
sheet-«ti^el dritT, located on top of the dust ehaml)(*r. It is 64 fret long and 
had a total width «»f S feet* From (34) and (35); delivei's diy lead concentrates 
to (37) and dry iron-zinc concentrates to (3S). 

37. Conical ilry leatl -concentrates bin which is made of sheet steel, has a 
capacity of 25 tons, and sides sloping at 45°. Frnru (36). (*oncciil rates arc 
sacked, shipped, via pack mules (5 miles) and rnilixiad, and sold to a lead smelter 
for values in gold, silver, leail^^juid excess uf iruti over silica. 

3N. Coiucal dry iron-zinc concentrates bin with details as in (37), From 
(36); dehvers, via gravity, to (39). 



^: 



Magnetic Plant* 

39* Eight-inch elevator, with a 6-ply rubber belt, having a speed of 314 
feet per minute and sheet-steel buckets, 3 X 6 inches, elevates 25 tons of ore 
35 feet per 24 hours. From (38); delivers to (40). 

'M>. Shaking feeder. From (39); delivers to (41). 

4L A. R. Wilfley's patent shaft roast in g-furnace with dust chambf^r in con- 
nection. From (40), the pyrite receiving a Hash roast during gravity fall, wldle 
the sphalerite is unaffected; t lei i vers roasted concentrates to (42), line dust to 
03). and shaft lump-accretions which are barred down in shaft (mostly Fe, Cu, 
d some mechanieally hL4d Zn), as crude ore which is sold to a lead smelter 
*for values in gold, silver, chopper, and excess of iron over silica. 

42. Water-cooled sci^ew conveyors. From (41) and (43); deliver to (44). 

43. Dust chamber in coTuiection with (41). From (41); tlclivers, auto- 
matically and by gravity, fine (kist to (42). 

44. Eight-inch elevator with an S-ply (landy beU having a speed of 348 feet 
per minute and shcet-stecl buckets, 3 X 6 inches, elevates 25 tons of ore per 
24 hours. From (42); delivers to (45). 

45. Two conical bins of 2 tons capacity and other details as in (37). From 
(44); deliver, via gravity, to (46). 

46. Two Ding's electro-magnetic separators. From (45); c!eliver magnetic 
product to (47) antl non-magnetic proiiuct to (48). 

47. Conical iron-cuneentratcs bin with details as in (37). From (40). Con- 
centrates are sacked, shipped, via pack mules (5 miles) and railroad, and sold 
to a lead smelter for values in gold, silver, copper, and excess of iron over silica. 

48. Conical zinc-concentrates bin witti details as in (37). From ( ItV). Con- 
cent ratcis are sacked, shipped, via pack mules (5 miles) and railroad, and sold 
to a zinc smelter for values in gold, silver, and zinc. 

Of the total gold anil silver recovered by amalgamation the lip and apron 
plati*s save 95.25%, the Pierce amalgamators 4.25* >,^ and the quick traps, O..50%. 

The plates are kept very wet with quicksilver, are cleaned up witli straw 
whisk brooms once in 24 houn? and dressed with quicksilvt^r 4 times per 24 
hours on low-grade ore, and 5 times on high-grade ore. On high-grade ore, 
cyanide and lime are used ver>^ sparingly, perhaps twiee a week. On low-grade 
ore, cyanide and lime are used daily. Since the installation of ilie Pierce 
amalgamators the loss of quicksilver has been reduced about tiOVe **nd the 
net saving represents $1,000 per month more than formerly, altliougli they 
require the attention of one extra man. The average quicksilver loss on 136,475 
tons of ore wa8 4.83 pennyweights per ton. 

An approximate analysis of the crmle ore is as follows: Au, 0.4305 ounce 
and Ag, 1.97 ounces per ton; Pb, 3.3%; Zn, 6.0%; Fe, 9,0%; and Cu, 0,32%, 



1C564 



ORE DRESSING, 



Mill 115. § 1446 



The lead concentrates from the wet mill run about as follows: Au, 2,10 and: 
Ag, 20.U0 ounces per ton; Pb, 56% r Zn, 3.5%; Fe, 13.5% ; Cu, 1.5%,; and SiO., 
5.0%. 

The zinc and iron products from the magnetic plant give the following results: 
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Labor and Wugea, 

Thiii mill operates three S-hour jshifts per 24 hours every day in the calendar 
year. Some work, such as crushhig, eonvejdng, sacking and^ in the summer 
time, firing, is done on two ri-hour shifts. 

The help employetl averages 10.33 men per shift, to which must be added 
3 extra men on the day shift who act as roustabouts. The following wage scale 
applies per shift: Shift-bosses, S5; amalgamators, $4.50; amal^iiamator helper, 
$3; crusher-men, $3.50; conveyoiMneo, $3; battery nien^ $11)0; battery-men 
helpers, $^150; concentrator-men, $4; concent rat or-men helpers » $;150; con- 
centrates shovelers and sackers, S3; magnetic plant fuinacc-mt'U, S4.50; helpers, 
$3.50; fire-men, §3.50; repair-men, $G; aud all common labor, $3. 

Power and Water. 

The power required by this plant in January, 190S, was 237.63 horse-power* 

The mill is heated by steam from one boiler, about 15 tons of coal being 
consumed per month in the summer and 45 tons in the winter. 

Approximately, 23,000,000 gallons of water per 24 hours are required as 
a maxjmum. During the spring this is obtained from the old Tomboy mine; 
in the fall antl winter, Lake Ptarmigan, just, over the range and only 350 feet 
below the crest, funii.shes the water for the mill Ijy means of a small eh'ctric ■ 
pump, and a pipe line 1.75 miles long. Th(^ pii>e Vnu\ 5 inches in diameter^ 
at the start, is reduced to 4 inches at the summit and gradually to 2.5 inches 
at the mill. 

§ 144(5. Milling in Western Chihuahi'a. — - In recent years the ores of 
the district of Rayon have been worked by stamp mills, followed by pan amal- 
gamation with or without subsequent concentration. Xc^ry recently some of 
the mills have applied the cyanide process to the further treatment of the 
tailings.''" 

Ocampo, the seat of this district, is situated in the heart of the Sierra Madre 
Mountains, 90 miles west of Minnaca, thi^ nearc st railroad station. It is reached 
by a broad, much traveled pack trail ovi-r which all supplies for the district J 
go by mule pack train. " 

The rate for ordinary freight, of convmirnt bulk and suitably divid<nl for 
packing, is $^3,25* per ''earga" (300 pounds). A good mule will carry 300 
pounds of freiii;ht, but the pack must be divided into two or three packages 
of equal weight. Bulky goods must pay a premium an<l the average for all 
freight is estimated at S3. 50 pt^r " carga/" which equals ^23.33 pt^r short ton or 
$0,259 per ton mile, which compares very favorably with wagon freight in 
Western United States mining districts. 

Special freight of awkward sliape or unusual w^'ight is carried by special 
contract, at rates sometimes five or six times tlie ordinary freight rates. This 
makes shipments of machinery expensive and adds greatly to tlie cost of in- 

• All vulucffi ure given In Uruled States Cunrcncy. 



I 



§ 1448. Mill 116. OUTLINES OF MILLS. 1665 

stailation of mining plants. Wagon roads are being built and when completed 
will facilitate shipments of heavy freight. 

Timber near Ocampo is pretty well cut off and it has to be packed some 
distance. In the outlying camps timber is generally plentiful. Cord wood 
is cut in 2J or 3-foot lengths, convenient for mule packing. Two and one-half 
foot wood is piled 10 feet long and 5 feet high, equaling 125 cubic feet. Three- 
foot wood is piled 8 feet long and 5 feet high^ equaling 120 cubic feet. The 
cost of oak fuel for steam, piled in the yard, is $2.50 to $3.25 per cord, plus 
$0.50 to $0.75 for stumpage. 

The ores are chiefly of quartz with a small proportion of heavy minerals; 
the concentration sometimes running as high as 1000: 1. In some cases, where 
concentration precedes amalgamation, coarse free gold may be seen in a yellow 
band, running off the head of the Wilfley table. Besides gold, the other minerals 
noted, are native silver, argentite, pyragyrite, proustite, tetrahedrite, and pyrite. 

The gold value is always important, usually forming more than one-half, 
and in some cases three-quartera of the output. The mill saving is high (80 
to 85% of the assay value) on gold; but poor on silver (often not more than 
40 to 50%). When cyaniding the mill tailings the silver extraction is usually 
much better. 

The following trees of the ore treatment at the El Potrerito mill and of the 
Concheno mill illustrate the differences in the case of the old practice where 
amalgamation and concentration alone are used, and in the new methods 
where the tailings from concentrating machines are subjected to a cyanide treat- 
ment before going to waste. 

§ 1447. Mill No. 115. El Potrerito Mill. — El Potrerito Camp is 50 
miles west of Ocampo and its 10-stamp mill is working on typical ore. The 
mill was built in 1902 and is a good example of the type of mill in use before 
the introduction of cyanide methods. An outline of the process (April, 1905), 
is as follows : *• 

1. Ore floor to which tramway buckets dump. From the mine; ore is de- 
livered, by hand shovel, to (2). 

2. Blake-type breaker. From (1); delivers crushed ore to (3). 

3. Bins. From (3); deliver, via automatic feeders, to (4). 

4. Ten stamps. From (3); deliver pulp to (5). The stamps weigh 850 
pounds, and the ore is crushed through a 40-mesh wire-cloth screen. Wet 
crushing is employed but no amalgamation is attempted here. 

5. Settling tanks. From (4). The sand settles and is shoveled to (7). 
The slime water overflows and is delivered, via launders, to (G). 

6. Settling reservoirs. * From (5) ; delivers settled slimes, via hand shovel, 
to (7) and overflows to waste. 

7. Four amalgamating pans, 5 feet in diameter. From (5), (6), and (10); 
deliver to (8). 

8. Two settlers. From (7) ; deliver amalgam to strainer, thence to retort, 
and pulp overflows, via launders, to (9). 

9. Two Wilfley tables. From (8); deliver concentrates to smelter and 
tailings to (10). 

10. Tailings sluice. From (9). The sluice is broad with riffles in which 
the coarse sand settles. These settlings are periodically shoveled to hand- 
barrows and re-fed to (7), while the overflow goes to waste. 

C. 1. Concentration followed by Lixiviation. 

Mills 116 and 117 serve to illustrate this method of treatment in two districts. 
§1448. Mill No. 116. Concheno Mill. — This mill is located about 
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25 miles northeast of Ocampo. The oro treated is a typical quartz^ containing 
a very small proportion of heavy minerals, but a rather unusual amount of 
slime-making matrrtal which romplieaU*^ the milling tn-atmenL Pan amal- 
gamation wa.s (liseariled at this mill a number of years ago and the cyanide 
treatmrnt its outlined bilow lias brought the mill to a high ilegree of etfieiency.** 

1. (.)re floor. From nu'ne tram cai>;. Lump rock is hand picked and de- 
livered to (2) while mud and fint's are shoveUul to (^j). 

2. Blake-type breakers. Frotu (1); deliver crushed ore to (3). 

3. Bins. From (1) and (2); deliver, via automatic feeders^ to (4). 

4. Sixty stamps. From (3); deliver pulp to (5). The stamps weigh from 
900 til S*5n pounds and **rush wet through 40-uiesh cloth screens. No amaiga- 
matiun is attempted. 

5. Hix \^'ilflcy tables. From (4); deliver concentrates to smelter and tail- 
ings, via hiunders, to {{]). 

6. Settling tanks. From (5); deliver settled sands, via liand shovels, to 
car which dumps to (7) and slime w^ater, via launders, to (S). These tanks 
are stirred with poles by boys to promote the siparation of the slimes. 

7. Cyanide leaching tanks. From (0); deliver solution to (14) and tailings 
to waste. The tanks are 25 feet in diameter and 5 feet deep. 

8. Five settling ponds. From (6); deliver settled slimes, via hand-shovel 
and ear, to (9) and wat*T to waste. 

9. Slimes bin. From (8); delivers to (10). 

10. Four slimes agitators. From (9); deliver to (11). 

11. Two steam slimes-pumps. From (11); deliver pulp to (12). Operate 
under 90 pounds pressure. 

12. Three filter presses. From (II); deliver cake, after wtu^hing, to (13) 
and solution to (14). 

13. Agitsitor with a stream of water. From (12); breaks up cake to form 
a pulp ami tlelivei-s it. to wast(*. 

14. Extractor room. From (7) and (12); delivers precipitate to smelter. 

§ 1441). Mill No. 117. Desert Powder AxNI> Mill (Vvmi-anv,^- — The 100- 
stump mill and ]>ower plant of the Desert Power and Mill Company, milling 
the ore produced from the mines of the Tonapah Mining Company of Nevada, 
is located at Mdlers, Nevada, a station on the Tonaj>ah and tloldfield Rail- 
road, 13 miles we.*:5t of Tonapah.^''* The main mill building is r)2r> X 23(t feet 
in extreme dinn^iL^ions ami is erected on ground with ouly a ^%> slope. 

The Tonapah ore boilies are largely re|>lacements of tnnlesite by quartz, 
forming parallel or branrlung veins and v(4nlets of quite sohM quartz, separated 
by more or less mineralized antU\site whi<4i frequently iontains good values. 
The ore as stoped is therefore a mixture of quartz antl porphyry. Some of 
the earlier barren porphyry is sorted out before the ore is sent to the mills. 

The primary ores of Tonapah euusist of a ganguc of quartz with some 
sericite and andafusite, usnaliy a snndl percentage of the carbonates of lime, 
magnesia, iron, and manganese. Silver is present mostly as sulphides and 
sulphantimonides; gold, never visible, and in some form not as yet determined, 
and small amoujits of pyrite and chalcopyrite, with traces of k-ad, zinc, ai*senic^ 
selenium, and other elements. 

All of the orr* now l>eing treat tnl at the D^'sert mill is partially oxitlized. 
This oxidation, howevi^r. is never complete and most of the silver is still present 
in the form of argentite which is probably mixed with sle|)lianite, but in the 
more oxidized phases cerargyrite is conunon, frequently associated with embolite, 
bromyrite and ii)f!yrite. The carbonates of the primaiy tjre are represented by 
oxides of iron and manganese, also gypsutn. In the proceas of oxidation » a large 
proportion of the iron, manganese, antimony, arsenic, copper, lead, zinc, and 
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selenium originally present has been removed. In none of the ore, however, 
are the base metals present in suflScient quantities to be of value. 

A sample of rich ore from the Valley View vein analyzed by Dr. Hillebrand 
of the U. S. G. S., showed the following results: 

Ag 62.54% 38.10% a^ sulphides, 24.44% a^ 

chloride, selenide, and alloy. 

Au 0.62 " 

Fe.,Mn 1.46" 

Cu.,Pb.,Mn. .. 0.51 " 
Sc.,Sb., As.... 0.96" 

The ratio of silver to gold by weight in the ore treated at the mill is about 
90 to 1, the average content being 0.36 ounce gold and 33 ounces silver per 
ton. 

At present (March, 1908), about 13,000 tons of ore are milled per month. 

The crude ore comes from the mines in steel hopper-bottomed railroad 
cars, having a capacity of 50 tons each. The cars, in trains of seven, are hauled 
up an inclined trestle and dumped to the crusher ore-bin. 

Coarse-Crushing and Sampling Department, 

The coarse-crushing and sampling department is located in a separate 
building. The crushing plant has a capacity of 400 tons in 8 hours. Power for 
driving the machinery is supplied by a 125 horse-power motor. 

The run of the mine ore is fed, via a finger gate, to (1). 

1. Two No. 7i Gates breakers, style "K,'* set to break to about 2-inch cubes. 
From the breaker bin; deliver crushed ore to (2). 

2. Elevator with an 8-ply rubber belt, 26 inches wide, 128 feet long, and 
having a belt speed of 255 feet per minute. The buckets, of No. 10 steel, 
24 X 10 X 10 inches, are placed 15 inches apart and have a profitable life of 
about 2 years. The capacity of the elevator is 250 tons per hour. From (1); 
delivers to (3). 

3. Manganese-steel trommel, 4X16 feet, with plates 0.75 inch thick, holes 
1.25 inches in diameter, and making 16 revolutions per minute. From (2); 
delivers oversize to (4) and undersize to (5). 

4. Two No. 4 " D " Gates gyratory breakers. From (3) ; deliver crushed 
ore to (5). 

5. Snyder ore sampler, 5 feet in diameter. From (3) and (4); delivers 
sample to (6) and rejected ore to (9). 

6. Elevator with a 5-ply belt, 10 inches wide, 52 feet long, and having a 
belt speed of 219 feet per minute. The buckets, of No. 16 steel, 9X6X6 
inches, are placed 9.5 mches apart. The elevator has a capacity of 30 tons 
per hour and a life of 1 year. From (5); delivers to (7). 

7. Rolls, 10 X 30 inches, set to crush to about 0.375-inch cubes, making 
100 revolutions per minute and having a capacity of 25 tons per hour. From 
(6); deliver crushed ore to (8). 

8. Synder ore sampler, 42 inches in diameter. From (7) ; delivers sample 
to re-grinder for assay office and rejected ore to (9). 

9. Troughed belt conveyor with a 5-ply rubber bolt, 18 inches wide, 780 
feet long, and having a belt speed of 408 feet per minute, driven by a 15 horse- 
pow^er motor. The conveyor has a capacity of 250 tons per hour and a life of 
2.5 years. It carries the ore up a 22° incline. From (5) and (8) ; delivers to 

(10). ... 

10. Robms automatic tripper. From (9); delivers to (11). 
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IL Battery storage bin with a capacity of 1,500 tons, 
via rack and pinion gates, to (12). 



From (10); delivers,! 



Fine-Crushing and Concentrating Department, 

12. Twenty Challenge ore feeders. From (11); deliver to (13). 

13. One hundred stamps arranged in twenty 5-,stanip batteries. Each 
20 stamps is il riven by an indepeniU^nt 50 horse-power motor. The order of 
drop is 1, 3, 5, 2, 4. The stamps weigh 1,047 pounds each, the weight being 
made up as follows: stem, 427 pounds; tappet, 140 pounds; boss, 320 pounds; 
and shoe, UK) pounds. The .stamps drop 104 times a minute through a height 
of 0,5 inches and have a duly of 4.84 tons per stamp per 24 hours, crushmg 
through a woven- wire screen with 12 meshes to the inch, the height of discharge 
being 3 inches. The mortars of the stamp batteries are of the narrow pattern, 
single-disehargt* type, manufaetnrctl by the Union Iron Works, They are set 
on concrete foundations, rubber sheeting 0.25 inch thick being placed between 
the mortars aufl top of the concrete. End and side liners of malleable cast 
steel are used in the mortars. The dies used are 9.25 inches in diameter and 
S inches high; the shoes an* 9 inches in tliameter, 9 inches high, and have necks 
5 inches long, tapering from 4.025 to 3.625 inches in diameter. Chrome-steel 
shoes and dies have been in use, but dies cast from a mixture of cast iron and 
steel are being tried with very satisfactory results, a more even wearing of the 
shoes being olilained by the combination. Both shoes and dies are worn down 
until less than 2 inches thick, compensation for loss of weight being made by 
the ad«lition of ciust-iron false dies t>f vaiyiug thicknesses. The chrome-steel 
dies have an average life of 1,736 hours, crushing 315 tons of ore eacVi. The 
shoea last 1,011 hours, crushing 285 tons each. The steel consumption of dies 
and shoes is respectively 6,70 and 7.00 ounces per ton of ore crushed. The 
battery crushing takes place in a solution carrymg 0,15% cyanide, and 6 tons 
of solution are introduced for each ton of ore crushed. From (12) and cyanide 
solution from (58); deliver pulp to (14). 

14. Sand wheel, 30 feet in diameter. The wheel has 96 buckets^ 16 inches 
wide, 14 inches deep, and set at an angle of 45'^ to the rim. The buckets have 
a capacity of 1,300 cubic inches when at t!ie lowest point in travel and actually 
elevate al>out pounds of solution and 1 pound of ore per bucket. The buckets 
are made of redw<Jotl and last about 2 years. The wheel is driven by a 7,5 
horse-power motor at a speed of 5.875 revolutitms per minute. The actual 
working capacity, at the al>ove spee<b i^^ 606 pounils of ore and 3,9% pounds 
of soKitiun per minute. From (13) and (36); delivers to (15) or (59), 

15. Ten double-cone classifiers with 0.5-inch spigots. The outer cones are 
20 inches in diameter at the overflow by IS inches deep, and the inner cones 
are 7.5 inches in diameter by 22 inches in depth. The hydraulic rising current 
is of cyanide solution. Following is a typical sizing test on the feed and products 
of these classifiers: 
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From (14); deliver spigots to (16) and overflow's to (18). 

10. Five 5-foot Huntington mills crushing through wire screens with 30 
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meshes to the inch. They make 75 revolutions per minute and have a capacity 
of 25 tons each, per 24 hours. The life of the dies is 72 days and the muUer rings 
last 50 days. Ordinarily, 3 mills re-grind the spigot product originally coming 
from 80 stamps. Following is a sizing test on the Huntington mill product: 
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A 50 horse-power motor drives these mills and (17). From (15); deliver 
pulp to (17). 

17. Elevator with a belt 18 inches wide and 16-inch steel buckets. From 
(16); delivers to (18) and (19). 

18. Twenty No. 5 Wilfley tables mounted on a concrete floor with sufficient 
slope to allow drainage of any leaks or drips to the tailings launder which is 
also made of concrete. The tables make 240 strokes per minute, the length 
of stroke varying from 0.375 to 0.75 inch according to the class of material 
treated. Each table has a capacity of 20 tons per 24 hours. A 30 horse- 
power motor operates these tables and (59). From (15), (17), and (58) ; deliver 
concentrates to (22), middlings to (21), and tailings to (23). 

19. Five new Woodbury concentrators, 6 X 10 feet, making 260 three- 
quarter-inch strokes per minute and having a capacity of 19 tons each, per 
24 hours. A 20 horse-power motor drives these tables and also (20) and (21). 
From (17) and (58); deliver concentrates to (22), middlings to (21), and tail- 
ings to (23). 

20. Eight Johnston vanners with belts 6 feet wide and capacities of about 
10 tons each per 24 hours. From (21), (27), and solution from (58); deliver 
concentrates to (22) and tailings to (23). 

21. Elevator with an 18-inch belt and 16-inch steel buckets. From (18) 
and (19); delivers to (20). 

22. Concentrates bin, fitted with steam coils, under a sheet-iron bottom, 
for drj'ing. The concentrates are dried until they contain less than 12% of 
moisture. From (18), (19), and (20); the concentrates are sacked in jute bags 
and shipped in carload lots to the smelter. 

23. Sand wheel, 54 feet in diameter. The wheel has 150 redwood buckets, 
16 inches wide, 14 inches deep, and set at an angle of 45° to the rim. The 
buckets last about 2 years and have a capacity of 1,300 cubic inches at the low- 
est point of travel. The wheel is driven by a 10 horse-power motor at 4.375 
revolutions per minute and has an actual working capacity at the above speed 
of 666 pounds of ore and 4,662 pounds of solution per minute. From (18), 
(19), and (20); delivers to (24) or (59). 

24. Ten double-cone classifiers with spigot openings 0.375 inch in diameter. 
The outer cones are 24 inches in diameter at the overflows and 22 inches deep; 
and the inner cones are 7.5 inches in diameter and 26 inches deep. From (23) 
and hydraulic rising current, a weak cyanide solution, from (60) ; deliver spigots 
to (29) and overflows to (25). 

25. Ten double-cone classifiers with spigot openings 0.375 inch in diameter. 
The outer cones are 36 inches in diameter at the overflows and 30 inches deep; 
and the inner cones are 12 inches in diameter and 34 inches deep. From (24) 
and hydraulic rising current, a weak cyanide solution, from (60) ; deliver spigots 
to (29) and overflows to (26). 
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26. Six pomted-boxes with spigot opening 0.375 inch in diameter. From 
(25) and (37); deliver spigots to (27) and overflows to (38), 

27. Three 60-infh cone clasdfiers. From (26); deliver spigots to (20) and 
overfiowH Lo (2S) and (39). 

28. One l-incii Slirrnmn centrifugal pump. From (27); delivej'K to (39)* 

29. Butters und Mein revolving pulp <listributor hung from a einndar over- 
head trolley »o that it can be swniiig over an are of 270^ and dt livered to any 
one of the four vats under (30). From (24) and (25); deUvers to (30), 

Sand Treatment ^ 

30. Three redwood collecting-vats, 33 feet in diameter and 8 feet deep, pro- 
vider] with coeoa matting and lO-ounee canvas filters laid on wooden strips. 
The filters are raii^ed 3 inches above the bottom of the vat.s. The collectors 
are provided with roller-blin<l overflow^ gates for slimes overflow's and are filled 
with santl to a depth of 5 feet. After filling they are allowed lo drain for 16 
hours and then suction is applied to dry the contents sufficiently for excava- 
ting. Each vat is provided with a wrought-iron conical plug, 22 inches in diame- 
ter, seated on a rubber gasket in a cast-iron flange in the center of the vat. 
This plug is removed before excavating the sand, and leaves a clear opening 
from the top of the sand down through the bottom of the vat. From (29); 
deliver sands to (31), overflows to (3ti), and drainings to (47) or (4S). 

31. Blaisdell Class A excavator. Removes sands from (30) through the 
fi'ntral phig openings and di4ivers it to two belt conveyors under the vats, 
Thf'sr conveyors have l-ply rubber belts, 20 inches wide, ISS feet kmg. travel 
300 fert per minute, have u caiKunty of 150 tons per hour, and a probable life 
of about 2 years. Thej^ deliver lo two inclined belt conveyors w^ith details 
same as the first set, except that the belts are 53 feet in length. These latter 
conveyors tleliver the sand to (32). It requires from 2 to 3 hours to excavate 
250 ton.s of sand, depending upon the moisture m the material. While the 
excavator is working, slacked liine^ to the amount of 4 pounds per ton of sand, 
IH thrown into tiu' collector, thus thoroughly mixing the lime with the sand. 

32. Belt conveyor with same details as those described under (31), except 
that it is S15 feet long. Lead acetat(*, previously dissolved in water, to the 
aniuimt of 0.5 pomid per ton of sand^ is allow^ed to drop onto the material on 
the belt. From (31); delivers to (33). 

33. Blaisdell Class A tripper. From (32); deli vet's to (34). 

34. IMaisdell Class Z sand-distributor. The ore from the belt of this dis- 
tributor falls onto a rapi<lly revolving disc with a speed-reguhiting device, by 
means of whieh the sand is distributed about the tanks in a fine shower and at 
the same lime is thnrotighly aerated. From (33); delivei's to {35}. 

35. Eiirhtecri redwood leaching-tanks, 33 feet in tliaou-ttT and S feet deep, 
provided with the same type filters as (30), and discharpng pulp w^ith the Blais- 
dell excavator in the same manner. After a tank is filled with saml, a little 
shoveling is done to level the material, and tlie first leaching solution, amount- 
ing to 3() tons, is added and brought up to 0.25% stren^h by the addition of a 
suiheit^nt amount of potassium cyanide solution of known strength. This 
solution is kept in circulation for 16 hours, by returning the filtrations by means 
of small air lifts connected to the leaching pipes of each vat. The strong solu- 
tion is thru drained otT and followed by repeated pumpings of wTak solution 
of 0J5 to 0.20^ (■■ strc^ngth, after wiuch the charge is drained for transferring 
to another tank. This first treatment, including time consumed in transfer- 
ring, generally occupies about 5 days* 

The charge after transference to another tank is re-trcated with repeated 
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purapings of strong and weak solution and finally drained for transference to 
another vat where it receives its third and la^t treatment. The second treat- , 
ment lasts for about 5 days. Tlie final treatment con.sists of as many pump- 
ings of wa*sh .solution as there is tinie to apply, fotlnwod by two or three 
purapings of water to di^pluce all solution. The vat is thru finally drained, by 
vacuum, for di8chargiii«; the san<l from the plant* All pumpings of solution are 
allowed to ch'sappear below the surface of the sand before the svu*(*eeding one is 
Applied. The total time of treatment is from 12 to 15 days. The discharged 
sand earrie.s about 15% moisture and assays about 0,03 ounce gold and 3>10 
ounces silver per ton. A typical .sizing test on the sand residues i^ as follows: 
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The sands are transferred from one tank to another, by means of the Blais- 
dell excavator, w^iif h delivers to one of two belt conveyors having details the 
game as thor.e described under (31), except that they are 6Hi feet long. This 
conveyor discharges to the conveyor system untler (31) and the material is 
thus delivered to the tanks again. In dischai:ging the sands to wustc, the diree- 
tion of travel of the conveyor above described is reverstnl and the material is 
delivered to the tailings .stacker conveyor which is of the same type and has 
similar details to (32), except that it is S30 feet long and delivers to the stacker 
which runs up an incline of 25*^. From (34), (57), and (7U); deliver solutions 
to (17) and (48), and discharged sands to tailings dump. 

36. Spitzkasten, 3 feet wide, 3 feet deep, and 4 feet long. From (30) and 
(59); delivers spigot to (II) and overflow to (37). 

37. One 4-in('h Butters' centrifugal pump running at 2/2f)0 revolutions per 
minute, and lifting 100 gallons per minute to a height of 30 feet. The runner 
is lU inches in diameter and h[UJ 4 arms. The hfe of the runner is 50 days, 
liners 120 days, bustlings 120 days, bearinga 120 days, and dividers 60 days. 
From (36); delivers to (2G), 

All leachings from sand vats as well as plant solutions are sampled, assayed, 
and titrated for cyanide and alkalinity daily. 

xVttenuated leaching solutions and washes are precipitated in a special ^inc 
box. 

Cpfitrifugal pumps when not pumping to treatment vats are in service cir- 
culating solution in sumps through cones for the purpose of aerating. 

Slimes Treatment. 

3S, Five slimes-agitating tanks, 30 fc^et in diameter and 20 feet tieep with 
rim overflow-laun*lcrs. The tanks are made of 3-inch rethvuod and are provided 
with merhaniriil arm agitators driven by a 30 horse-power motor with gearing 
and friction clutches <jver each vat. Each tank has two 4-arni agitators pkiced 
quart^^ring to one another; and 2 feet and 8 feet respectively from the bottom 
of the tank. The lower agitator has drags attachetl to the anus to keep the 
heavier fine sand in suspension. Previous to receiving a charge of thick pulp 
from the collectors, about 150 tons of barren solution is pun^ped into the agi- 
tator* To this is addeil 1 /iOt) pounds of slacked lime, 500 pounds of dissolved 
cyanide, 100 pounds of lead acetate, and the w^hole agitated for 30 minutes by 
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the mechanical agitators and pumps. The charge of thick pulp is then pumped 
in. When thorou^^hly mixed it ha.H an average specific gravity of 1J44; that 
is, there are 21 parts of slimes to 79 of solution. The mass is agitated for 56 
hcnay; the mechanical agitation bein^ assisted by compresiwHl air, admitted 
through a perforated pipe running half across the bottom of the tank; by two 
S-inch air lifts suspeiiiled in each tank, tlie bottom parts clearing the top set ■ 
of arms; and by an 8-ijich centrifugal pump (40) taking pulp from the bottom ■ 
and discharging through a baffle box at the top of the vat. This pump is put 
on when not in other service. At the end of 56 hours the agitation is stopped 
and the pulp allowed to settle for 4 hours^ when about 5 feet of clear solution 
is ilecanted and run to the gold-solution storage tanks. The settled slimes 
are then pumj)ed to the Fiutters' fdter stock-tank. From (2(3), (40), (oOj, and 
(70): (k'livi^r slimes to t4l) and decantations to (49), 

39. 8ix slim(\*^-collecting tanks, three of which were designed and equipped 
for agitating tanks and are exactly siinihir to those described under (3S}, They 
are, however, Iteing used as collect oi-s. The other three regular collecting 
tanks, 3t> feet in diameter and 20 feet <leep» are constructed of 3-inch R'dwood 
and proviilcd with rim overflow-launders. Charges of stimes can be drawn 
from the bottom of the vats, by means of the centrifugal pumps (40), without 
interrupting thi' collecting. From (27), (28), (4t>)| and (70) • dehver slimei3 to 
(40) and ileeantations to (49) and (55). 

40. Two Butters' S-inch centrifugal pumps nmning at a speed of S25 revolu- 
tions per minute and each having a capacity of 912 gallons per minute against 
a lift of 21 f( et. The runners are 16 inches in diameter and have 5 arms. The 
life of the runners is 43 ilays; liners, 90 days; bushings, 120 days; bearings, 
120 days; and dividers, 43 days. From (39) and (71); deliver to (38) and (41). 
Used for jigitating as well as transferring. 

41. Stock tank for Butters' filtem, 36 feet in diameter and 20 feet deep. 
From (3H), (40), (42), and (70); delivers to (42). 

42. Two Butters' 8-inch centrifugal pumps making 900 revolutions per 
minute and having approximate' capiicities of 2.10 tons per hour or 1000 gal- 
Urns per minuie. The rurniers are 16 inches in diameter The maximum lift 
is 22 feet and the mininnim lift is 2 feet. The life of the ninners is 60 days; 
linei*s, 120 days; dividers, 60 davs; bushings, 120 days; and bearings, 180 days. 
From (41), (43), (44), or (45); deliver to (41), (43), (44), (45), or slimes dump. 

43. Two Butters' filter tanks containing 96 filter frames each. The fallowing 
gives the avenige time of each operation from filling the tanks to discharging 
the cakes with two S-inch centrifugal pumps operating: — 

Filling with slimes , , , , . . , . 10 minutea 

Collecting cake, 23-inch vacuum , . . 00 *' 

Pumping back slimes. 10 " 

Filling with barren solution for wash 10 '* 

Washing cukt\ 23-hich vacuum 45 '* 

Discharging cake _..,...,. 10 " 

Settling wash 5 " 

Running hack wash to tanks 10 " 

Discharging slimes 20 " 

Total tinu^ INO minutes or 3 hours 

All valves in connection with filtering operations are operated from a plat- 
form by a system of rods and levers. Tlu^ thick slimes-cuke, having been dis- 
charged, is l)roken up fur pitmping by means of 1-inch jets of water under a 
70-foot head, <lirected downwards into the hopper of the filter vats* A mix- 
ture of air ami water was tried for discharging cakes; but it was found that 
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without careful attention and manipulation too much pressure would be used 
by the operator, thereby breaking the stitching in the filter leaves. Accord- 
ingly, the cake is now discharged in the wash solution by admitting water under 
a 12-foot head. The wash solution is allowed to settle for about 5 minutes 
before running back to the tank and is then drawn off to within about 6 inches 
of the thick slimes in the hopper. By this means the slimes can be easily pumped 
out with a moisture content of not more than 60%, this figure including the 
water from the jets. An average of 125 tons of dry slimes is being filtered and 
discharged per 24 hours. From (42); deliver solution to (40) and slimes to 
(42). 

44. Solution tank, 24 feet in diameter and 12 feet deep. From (42) and (57) : 
delivers to (42). 

45. Wash-water tank. 24 feet in diameter and 12 feet deep. From (42), 
(46), and (61); delivers to (42). 

46. Knowles duplex vacuum-pump, 10 X 10 inches, driven by a 15 horse- 
power motor and making 36 strokes per minute. It pumps about 30 tons per 
hour, but has a capacity of 120 tons per hour, with a free intake. The life 
of the cross-head shoes is 1 year; rods, 1 year; and pinion, 2 years. From (43) ; 
delivers turbid gold-solution to (39) and (45). 

47. Duplex vacuum-pump, 6X8 inches, making 100 strokes per minute 
and lifting 30 tons per hour, with a free intake, against a lift of 4 feet. The 
life of the valves is about 6 months and the probable life of plungers, rods, 
shoes, pinion and brasses, is about 2 years. From (30) and (35) ; delivers to 
(50) and (54). 

48. Distributing box. From (30) and (35); delivers to (50), (52), one box 
of (53) or (54). 

49. Distributing box. From (38) and (39); delivers to (50) or (55). 

Precipitaiion. 

50. Two gold-solution sump tanks, 24 feet in diameter and 8 feet deep. 
From (47), (48), and (49); deliver to (51). 

51. Two 3-inch Byron Jackson centrifugal pumps, making 1,420 revolutions 
per minute and delivering 120 gallons per minute, or 30 tons per hour, against 
a lift of 2 feet. The pumps are direct connected to two 2 horse-power motors. 
Runner is 8.5 inches in diameter. The life of the wearing parts is about 2 
years. From (50); deliver to (53). 

52. Wash-water sump, 40 feet in diameter and 8 feet deep. From (48) 
and (53); delivers to (57). 

53. Seventeen zinc boxes made of 3-inch redwood. Each box has seven com- 
partments, each holding 15 cubic feet of zinc shavings above the screen trays, 
making a total capacity for the box of 105 cubic feet or about 1,600 pounds 
of zinc shavings. The compartments of the boxes are arranged for an upward 
flow of solution. The rate of flow is 1,095 gallons per hour and the zinc con- 
sumption is 1.9 pounds per ton of ore. The average amount of solution pre- 
cipitated in 24 hours is 1,800 tons; the tailings from the zinc boxes, assaying 
from a trace to 1 1 cents per ton, increase in value from the time immediately 
after one clean-up to the time of the next. Four clean-ups are made each 
month; the individual clean-ups requiring 3 days. Six men, working 8 hours, 
clean 5 boxes the first and last day, and 8 men clean 7 'boxes on the second 
day. Four of these men are employed in the ntelting room during melts, and 
the others are shift men from the mill. The washing is done over the second 
compartment and all precipitates are screened through woven-wire screens 
having 30 meshes to the inch. The precipitate is allowed to settle and the solu- 
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tion is pumped out by (63). From (48), (51), (64), (65), (66), and zine shav- 
ings from (72); delivor solutirm to (52) iitid (54), and precipitatps to (63)* 

54, Two wpak-solution sump lanLs^ 30 feel in diiinieter and 8 feet deep,! 
From (47), (4S), and (53); deliver to (55), (56). and (57). 

o'y. Three eireulatiiig-solulioii sump tauk^s, 40 fer^t in diameter and S feet 
deep. From (39), (4*J), and (5!); deliver to (5(>) aud (57). 

56. Butters' S-iiieh solution pump, making 990 revolutions per minute and 
liftinji^ 720 gallons per minute, or ISO tons per hour, against a head of 30 feet. 
The runner iw 16 inches in diameter and has 5 runs. The life of the runners is 
150 ihiXi^; liners, months; diviflei-s, 4 months; bushings, 6 months; and bear- 
ings, 4 months. From (54) an^l (55) ; delivers to (38) and (58). 

57. Butters' 4-in('h solution pump making 1.980 revolutions per minute 
and lifting 39(i gallons per minute, or 99 tons per hour, against a head of 20 
feet. The runner is 10 inches in diameter and hiis 4 arms. The life of ihc 
runner is about 6 months, linens 1 year (?); dividers, 6 months; bushings, I 
year; and bearings, 3 months. From (52), (54), (55), and (71); delivers to 
(35), (44), and (71). 

58. Batteiy storage-tunk, 40 feet in diameter by 20 feet deep with a eapaeity 
of 7S6 tons or 1SS,640 gallons of solution. From (56) and (62); delivers to 
(13), (IS), (19), (20), and (59). 

59. One 4-inch centrifugal pump. From (14), (23)^ and (58); delivers to 
(36) and (60). ^ ^ ^ , ' 

60. Solution tank for classifiers, 8.33 feet in diameter and 4 feet deep. From 
(59); delivers to (24) and (25). 

61. Steel water tower, 4 feet in diameter and 42.33 feet high. From the 
main water line; delivers to (45) and (62). 

62. One 3-inch Worthinglon water meter. From (61) ; delivers to (58) 
and w^hatever water is used in the mill. 

Refining. 

f>3. Knowles triplex pump, 5 X 6 inches, making 32 strokes per minute and 
hnving a capacity of 3S gallons per nniiute. The estimated life of the valves 
is 6 months; brasses, 2 years; ^^>inions, 2 years; and gear, 4 years. From (53); 
delivers precipitates and solutions to (64), (65), and (66). 

64. Johnsfni filter press provided w^ith 24 X 24-inch frames and leaves 
covered with HKmnce duck. From (tKi) ; delivers solution to (53) and pre- 
cipitates to (67). 

65. Precipitation room settling-tank. From (6^3); delivers solution to (53) 
and settled precipitates are bailed into tubs and srnt to (67). 

66. Johnson washing filter press provided with 24 X 24-inch frames and 
leaves covenHl with 10-ouncc duck. From (63); delivers solution to (53) and 
precipitates to (67). 

67. Three-muffle drying furnace, fired by coal in which the precipitates are 
thoroughly dried and roasted. From (61), iii'y), and (66); delivej^i to (68). 

68. 8ix Faber du Faure tilting furnaru^s, erpiipped with graphite retorts, 
with a capacity of SQ [)ounds of fluxed precipitates. The precipitate, after 
•'oasting^ is fluxed with 18 pounds of cruile borax and 12 pountls of carbonat'e 
of soda per 100 jiounds of ]irecipitate. Coke is n^vd for fuel and the first pour 
IS made 6 hours after starting th(* fires. Seven thousand pounds of dried pre- 
cipitate is nu4ted into bullinu in 41 hours from the time of firing the furnaces* ■ 
After a charge has mehed flown sullicient precipitate is added to make a bul- ^ 
lion bur weigliing 1.200 ounces troy. Poui^s are marie directly into bullion 
moulds w hich have slotted overflows for slag. The graphite retorts in the fur- 
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nac-es will last for about 30 fusions, when they are discarded and new ones 
installeil. During January, 190S, from 27,3US pounds of roasted precipitate^ 
1S,7G2 pounds of bullion were produced, that is, without any acid treatment 
of the precipitate the shrinkage wa^^ only 31.52% of the total weight. Twenty- 
three thousand eight hundred and seventy pounds of coke were used in melting 
the above amount of precipitate. The bullion had an average fineness in gold 
of 12; in silver, of 1165; making a total of 977 parts fine. From (67); the fur- 
naces deliver bullion to (73)* 

69* Air coniprej^sor, 12 X 14 inches. Delivers to (70), 1 

70- Air receiver. From (09); delivers to (35), (3S), (39), and (41). 

71. Cyanide dissolving-box. All potassium cyanide uschI in the sand treat- 
ment is dissolved in this vat. A 2-inch pipe line is connected to the suctions 
of (40) and (57), ami, by means of a table and Ooat arranged on the vat, the 
desired strength of solution can be obtained by opening the 2-ineh line and 

» alio wing the requisite amount of standard solution to be drawn through the 
'.pumps with the weaker solutions. From (57); delivers strong solution to (40) 
and (57). 

72. Two zinc lathes. Deliver zinc shavings to (53)* I 

73. Concrete steel vault. From (68) ; delivers bullion to bank. I 

ExlraciiouH and Consumptions. 

Owing to the fact that the crushing takes place in cyanide solution and the 
Band and slimes are in contact with the solution from the time they enter the 
batteries as ore, it is impossible to secure iuteOigible samples of saml and slimes 
separately and to keep a record of extraction by cyanide on each pmduct. 
Accordingly the difference between the gross contents of the ore and th(* gold 
and Hilver in the concentrates sliipped is taken as the gold and silver content 
of the material going to the cyanide plant. The extraction by cyanide is figured 
from this by comparing with the total number of ounces of gcikl and silver 
shipped as bullion and refint ry by-products, with the total contents of the sand 
ami slimes residues as a clieck. 

Ninety tons of ore produce 1 ton of concentrates averaging 4,72 ounces 
Id and S24,90 ounces silver per ton. The recovery bv cuncentrntion from 
'anuary 1, to October 1. HMIS, was 12.75% of tlie gohl and 21.UtF:c of the 
silver content of the ure milled. 

The extraction by cyanide for the above period was 70.85% of the gold 
and 69.50%, of the silver content of the nuiterial. Combining these figures 
with the extraction by concentration given above gives a total extraction by 
concentration and cyaniding of 89. GO 91 of the gokl and 1*0.51) % of the silver 
cont-enl of the ore. 

The sand tailings assay 0.048 ounce gold and 4.44 ounces silver per ton. 
The slimes tailings assay 0.044 ounce golil and 3.77 ounces silver per ton. The 
cyanide solution before precipitation assays Oi)5 ounce gold and 3.51 ounces 
silver per ton; and, after precipitation, 0.002 ounce gold and 0.300 ounce silver. 

The average consumption per ton of ore has been, of potassium cyanide, 
3.50 pounds; lime, 7.50 poimds; lead acitate, 0.48 pound; and zinc shavings, 
L90 pounds. The amount of zinc shavings consumed is 0.42 pound per ton 
of solution precipitated. 

Power Plant, 

There are four Babcock and Wilcox patent safety water-tube boilers of the 
vertical header type, provided with a supeiheater, set in batteries of two each. 
Each boiler contains 2,030 stpuire feet of heating surfa<'e and is arranged for 
firing with either coal or oil; the Moore oil-burning apparatus Ixnng installed 
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for the latter method of firing. Natural draft is obtained by means of a steel 
8tack, 150 feet high and (>(3 inches in diameter. 

A (Jreen fuel-efononiiiier utilizes the fiue gases. The minor boiler-room 
equipment, eon-sisting of two t^now duplex boiler-feed pumps, tJoubert feed- 
water beater, automatric relief valvey, stop and check valves, damper regulator, 
hut well, steam traps^ feed-water meter, etc., ia air pie and well arranged. 

There are three 14 X 28 X 30-ineh horizontal crossHL^om pound side-crank 
Mcintosh and Seymour gridiron-valve engines, each condensing, arranged for 
direct coiniection to 250-kih>watt, 25-eycle, 2,2UO-volt alternators making 150 
revolutions per minut(\. There is also one 15 X 32 X 30-inch Mcintosh and 
Sf^vmour engine, as above, directly connen-ted to a 300-kilowatt alt^^^mator. 
All electrical etinipnient was furnished by the Westinghouse Electric and 
Manufacturing Company, The exciting current is su|)plied by 125-volt direct- 
current exciters belted from the }>and wheel of the generatoi's. 

Condensation of steam from the engines takes place in Edw^ards* condensers^ 
equipped with power-ihiven air pumps. The circulating water, for condensing, 
is pumped by means uf 8-inch double-suction Wheeler centrifugal pumps, 
directly connected to 40-horse-power motors, to a fan-tlriven steel watt*r-cooling 
lowt^r. Suitable switchljuards with generator panels antl distributing boards 
for the mine and mill are conveniently located in the engine room, 

Ste}>-up transformers raise the voltage from 2,200 to 22,000 volts for trans- 
mission ovn the 12-nuli? line to the hoists at the shafts in Tonapalu Step- 
down transformei*s 1ow(t the voltage at the mill from 2,200 to 440 volts. All 
mill motors are 25-eyele, 440-volt, type C. 

The average total power used is 550 hoj'se-power. This is for all milling 
operations, including pumping of water. 

Water Supply. 

Water, for mill and power plant use, is pumped by a 2-8tage vertical cen^ 
trifugal pump from a well, 00 feet deep, located 1^700 feet north of the plant. 

Labor. 

The mill runs three S-hour shifts per day. The average number of men em- 
ployi'd, including the office force, is 100, inchaling 10 men on construction work, 

Battny men, miMnnm, ami con cent i"a tors receive SL50; electricians, $5j 
carpetrlcrs, §5,50; mf^chanics, S5; blacksmiths^ 85.50; blacksmith antl carpen- 
ter helpers, -^4.50; solution men, $4; head refinery man, $5; helpers, $4.50; and 
laboi'crs, .'54; all working an S-hour shift. 



D. LlXIVLlTION. 

Mil! US sej-ves as an example of this method of extracting values, 
§ 1 150, Mill No, J IS. El Org MiNJNti and Railway Company, Limttbd,] 
El Oko, Est a IK) De Mexico, Mexico. — The ore is treated in two mills, Nob. 
1 and 2, w4uch have cafnicities of 350 and 425 tons per 24 houi^ respectively* '^•j 
Mixed sulphide and oxide ores are tak<'n from the lower and upper workings 
of the mine and milU d. The gangue, in which th<' ore occurs, is quartz and the ] 
more common minerals are pyrite, and gold and silver values. The problem ' 
is to save the economic minerals gold and silver, Fornu'dy sjuids antl slimes' 
were treatetl separately; but everything is now slimed and no sands are treated,**** 
The results have materially improved in regani to extraction, rapidity of dis- 
solution, and working costs, since this change. All slimes and solutions from 
Mill No, 1 How to Mill No. 2. Ore from the mine ^^ goes to (IJ and (9). 
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1. Mill bin, 21 X 21 X 182 feet, with a flat bottom and a capacity of 4,000 
tons. From the mine; dplivf*i*a, via chutos^ to i*^)- 

2. Twuntv Challenge feetiers of the tiuspciideil friction-driven type. Fioiii 
(1); deliver to (3). 

3. One hundred stamps, Mill No. 2. Each weighs 1,065 pounds, makes 100 
7.5-iiieh drop.s per niinut(\ ttntl has a capacity of 4.25 tons per 24 liours. The 
discharge is 3 inches in height and the steel screens have 25 meshes to the inch. 
Stems weigh 46.5 pounds and hu^t 5 years; cams weigh 220 iKjunds and last (j 
years; tappets weigh 190 pounds and last 5 years; shoes weigh liJO pounds and 
last S6 days; dies weigh 115 pounds and last SO clays; and boss heads weigh 
320 pounds and last 6 yeui*s. All are of ciLst steel except the stems which arc 
of rolled 8tc*el. From (2) and (23); ilcHver pulf) to (4). 

4. Three cones, 4*07 feet in diameter by fei't deep. From (3) ; deliver 
spigots to (5) and overflows to (10). 

5. Three cones, 2.5 feet in dianieter by 2.5 feet deep. From (4) ; deliver 
spigots to (6) and overflows to (7). 

6. Three* Krupp tube mills, one 3.92 X 19.5 feet, one 4.92 X 23 feet, and 
one 4.92 X 20 feet. The first has a speed of 31, the stu'ond of 25, and the third 
of 27 revolutions per minute. Fifty-three pounds of mine rock are consumed 
per ton of sands ground. **E1 Oro*' east-iron riblxnl liners last from 7 to 8 
months. From (5) and (15); deliver pulp to (7). 

7. Five cones, 4.5 feet in dianu^t-r by B feet deep. From (5), (G), (11), 
(13), and (15); deliver spigots tu (12) and oveHlows to (S). 

S. Two cone*settlers, feet in diameter by 9 feet deep. From (7); deliver 
spigots to (12) and overOows to (IG). 

9. Mill bin, 13 X 10 X 168 feet with an inclinetl bottom and a capacity 
of 1,750 tons. From the mine; delivei-s, via chutes, to (10). 

10. Twenty modified Challenge fetnlers of the suspended frictionKlriven 
t^-pe. From (9) ; deliver to (11). 

IL One hundnnl stamps, Mill No. I. l^ach weighs 1,140 pounds, has a 
capacity of 3.75 tons per 24 hours an<l steel scn^ens uf 30 mesh, 33 wire. Other 
details as in (3) except that tlu" stems weigh 450 puunds, tappets 140 pounds, 
and bos8 heads 300 pounds. From (10) and (23): tleliver juilp to (7). 

12. Sand wheel, 40.07 feet in diameter, making 5.5 revolutions per minute. 
The buckets are 11 X 13 X 10 inches. Driven by a ri*pe gearing from a 15 
horse-power motor. From (7) and (S); (l{4ivers to (14). 

13. Four tube mills. Two Abbe tube nulls, 4.5 X 19.5 feet, making 24 
rt^volutions per minute; and two Krupp tube Mills, 3.92 X 19.5 feet, msiking 
31 revolutions per minute. From (14): deliver pulp to (7). 

14. Three blanket concentrating-taldos, 2.25 ft^et wide liy 20 feet long. 
Save about GOO pounds per 24 hours. The.se are mainly to remove ground-up 
iron and steel from the pulp. From (12); deliver to (13) and (15). 

15. Settling cone, 4.5 feet in diameter by 6 feet deep, From (14); delivers 
Bpigot t^ (0) and overflows to (7). 

16. Fifteen slimes tanks, 34 feet in diameter by 12 feet deep, sidt^s of .sheet 
steel 0.1S75 inch thick, bottoms of sht^'t strel 0.25 inch thick, painted on the 
inside with P. and B. eyanide paint and on thi- outside with asphaltum paint. 
Hold 8<1 tons each of dry slimes antl e(|iiippc'd with mechanical agitators. From 
f4), (S), (IK), and (28); deliver pulp to (1S|^ decanted solutions to (24), and 

t overflows to (21). 
17* Nine slimes tanks, 22 feet diameter by 10 ftH't deep, holding 27 tons each 
^Of dry slimes and equipped with a travtding agitator. From (IS) and (28); 
[leliver pulp to (18) and decanted solutions to (24). 
18. Six Butters* centrifugal agitating pumps making 1,120 revolutions per 
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minute, and requiring 20 horse-power to pump 500 gallons per minute against 
a head of 24 feet. Ail are direct motor-ilriven. From (16) and (17); deliver 
pulp to (KV), (17) (for agitation), and (19). 

19. Ei^ht sliines-settling tanks, 34 feet in diameter by 20 feet deep, holding 
SSO tons of dry slimes. Other details as in (l(i). From (IS); ileliver pulp to 
(20) and decantinl sohitionB to (21), 

20. Six Ikirt filler presses, 3,5 feet in diameter by 2t) feet long. Each handles 
ItK* tons uf dry slimes per 24 hours. Eighteen pairs of filter leaves per pre,ss. 
Forty minuN^s are refjuired for each operation, which includes, charging the 
press, washing the slimes with water, (lischarging and returniog the surplus 
slimes. From (19); dt^iver slimes to waste and solutions to (lii). 

21. Two return'SolutioH tanks, 30 feet in diameter by Hi feet deep, holding 
353 tons each of dry shmes. Other details as in (IG). From (1(3), (19), and 
(20); deliver to (22). 

22. GebruLler Sulzer (Germany) return-water centrifugal pump making 
1,450 revolutions per minute and requiring 100 horse-power to pump 1,500 
gallons per minute against a lift of 125 feet. Direct mo tor-il riven. From (21); 
delivers to (23), 

23. Two steel mill-tanks at San Rafael, 8 X 24 X 48 feet, holding 288 tons 
each of solution. Other details as in (15). From (22); deliver to (3) and (11). 

24. Four weak-solution filters. Three 40 feet in diameter by 10 feet deep; 
and the other 30 feet in diameter by 10 feet deep. The first 3 handle 310 
tons net per 24 hours. Other details as in (10). From (10) and (17); deliver 
to (25). 

25. Twenty weak-solution steel zinc-boxes, 0.1 S75 inch thick by 4 X 10.67 
feet. 0.12 pound of zinc shavings is used per ton of solution and the strength 
of the solution is 0.(33% potassium cyanide. Since the practice of sliming all 
pulp was introduced, the above is the only strength used. From (24); deliver 
precipitate to (26) and .solution to (27). 

20, Burt gold-slimes filter press with details as in (20). The precipitates are 
steam dritnl in the press ami in a drying car to 15*/^, moisture, fiuxed, and bri- 
c|uet(*d. The briquetti\s, 3 inches in diameter by 5 inches long, are charged 
into No. 300 graphite crucibles and melted down in oil-fired furnact^s. In a 
day 1,700 pounds of precipitates can be treated with a consumption of 240 
gallons of crude oil. One gallon of oil conveits into bullion 7.33 pounds of 
precipitates. From (25) ; deliver bullion to bank. 

27. Five weak-solution tanks. Four, 30 feet in diameter l>y 10 feet deep, 
each holding 353 tons of solution; and one, 24 feet in diameter by 16 feet deep, 
holding 220 tons. Other details as in (Ri). From (2-5); deliver to (2S). 

28. Pump with details as in (22) except that the height of lift is but 05 
feet. From (27); delivers to (16) and (17), 

The total extraction of values is 93.26%. 95.09% of the gold and 81.72% 
of the silver is recovered. 

Labor and Wages. 

The mill operates 3 shifts per day, 7 days a week. Four men aw employed 
per shift. 

1 .^merlean batterj"^ man at 8,40 (Pe.sos) per shift 

1 American lielper man at 4, SO " ** " 

2 Mt^-xiciin helpers at . L25 " *' " 

Power and Water. 

The power is all electrical and supplieci by the Mexican Light and Power 
Company from their station at Necaxa to their sub-station at El Oro, a distance 
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of about 175 miles. All the water used comes from the mines. The mine elec- 
tric triplex pumps deliver the water to masonry reservoirs from which the 
necessary supply is taken. The ore is crushed in cyanide solution with a ratio 
of about 8 parts of solution to 1 part of ore. Mill No. 1 consumes 2.6 horse- 
power; and Mill No. 2, 3.0 horse-power per stamp. The total power required 
is 560 horse-power. 

E. Mills Saving only Silver Values. 

Mill 119 is a representative of this class. 

§ 1151. Mill No. 119. The Coniagas Mines, Limited, St. Catharines, 
Ontario, Canada. Concentrating Plant."* — This mill has a capacity of 
90 tons per 24 hours. The ore consists of the economic minerals smaltite and 
niecolite, carrying high silver values of both native silver and the silver sul- 
phides."* The gangue is a slate conglomerate and calcite. The problem is 
to save the silver-bearing minerals. 

The ore is hand sorted in the mine into high-grade shipping ore, waste, 
and milling ore, the latter being hoisted in a vertical skip, holding 2,600 pounds, 
and dumped, via chute, to (1). 

1. Storage bin. From the mine; deliver to (2). 

2. One Blake-t}TDe breaker, with a 10 X 16-ineh jaw opening, breaking to 
2.5 inches. From (1); delivers crushed ore to (3). 

3. One 10-inch bucket elevator. From (2); delivers to (4). 

4. Storage bins. From (3); delivers to (5). 

5. Grizzly with 1.25-inch spaces between the bars. From (4); delivers 
oversize to (6) and undersize to (7). 

6. One Champion swing-jaw breaker, breaking to 1.25 inches. From (5); 
delivers crushed ore to (7). 

7. Storage bin. From (5) and (6); delivers to (8). 

8. Automatic feeder, wall type. From (7); delivers to (9). 

9. Rolls, 10 X 30 inches, crushing to 0.75 inch. From (8); deliver crushed 
ore to (10). 

10. One 10-inch bucket elevator. From (9); delivers to (11). 

11. One trommel, 2 X 10 feet, having two screening sections. The first 
section has 0.375-inch round holes and the second section 0.75-inch round holes. 
From (10); delivers 0.375 to 0-inch material to (12), 0.75 to 0.375-inch material 
to (13), and material larger than 0.75-inch to (14). 

12. One trommel, 2 X 10 feet, having 3.5-millimeter round holes. From 
(II) and (23); delivers oversize to (16) and undersize to (15). 

13. One 3-compartment Harz jig. From (11), fed with 0.75 to 0.375-inch 
material; delivers skimmed concentrates, via sacks and cars, to smelter and 
tailings to (18). 

14. Rolls, 10X30 inches, crushing to 0.75 inch. From (11) and (23); 
deliver crushed ore to (17). 

15. One 1-compartment classifier.* From (12); delivers spigot to (21) and 
overflow to (22). 

16. One 4-compartment Harz jig. From (12), fed with 0.375-inch to 3.5- 
millimeter material; delivers skimmed concentrates, via sacks and cars, to 
smelter, and tailings to (18). 

17. One 10-inch bucket elevator. From (14); delivers to (23). 

18. Bin. From (13), (16), (21), and (26); delivers to (19). 

19. Six Challenge feeders. From (18); deliver to (20). 

20. Thirty stamps, each weighing 1,250 pounds, crushing to 30 mesh. From 
(19); deliver pulp to (24). 
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21. One Wilfley table. From (15); delivers concentrates, via sacks and 
cars, to snieltpr and taiiings to (18). 

22. Settling tank. From (15) ; delivers settlings to (25) and oveiflow to (32). 

23. One trommel, 2 X 10 feet, having two screening sections. The first 
section has 0.375-inch roim<l holes imd the second section U. 75-inch round holes. 
From (17); delivers 0.375 to 0-inch material to (12), 0J5 to 0.375-inch material 
to (26), and material larger than 0.75-inch to (14). 

24. Three 3-foot pulp thickeners. From (20); deliver spigots to (27) and 
overflows to (2S). 

25. One Frue vamier. From (22) ; delivers concentrates, via sacks and cars, 
to smelter and tailings to (2S). 

2H C)ne 3-compartment Harz jig. From (23), fed with 0.75 to 0.375-inch 
material; delivers skimmed concentrates, via «acks and cars^ to smelter and 
tailings to (IS). 

27. Six Deister concentrating tables. From (24); deliver concentrates, 
via sacks and cars, to smelter, middlings to (29), and tailings to (30). 

2S. Three 8-foot Callow settling-tanks. From (24) ami (25); deliver spigots 
to (32) and overflows to (33). 

29. One 4-inch bucket elevator. From (27) and (31); delivers to (31). 

30. De watering clevice. From (27) and (31); delivei-s sands to w^aste and 
slimes to cyainde plant. 

31. One Deister concentrating table. From (29); delivers concentrates, 
via sacks and cars, to *smt_4ter, middlings to (29), and tailings to (30), 

32. One Wilfley slimer. From (22) and (28); delivers concentrates, vi 
sacks and cars, to smelter and tailings to cyanide plant. 

33. Sump, From (2S) ; delivers water, via pump^ to milt system again. 

Labor and Wages. 

The mill operates two shifts per 24 hours, one 13 hmirs in length and the 
other 11 hours, for days in the week. 

Cummon labor receives S2 per day of 10 hours, and board costs 00 cents 
day, Skilled labor is paid proportionately higher. 



165 horse-power Premier^ 
tint] is verv satisfactory 



*torv. 1 



Potter and Waltr. 

Pown:*r for operating the mill is furnished by a 
gas engine which was made at Samliacre, England, 
The .same engine rims a 240-volt direct-current generator in the mill which 
furnishes pinver to a motor direct connected to a turbine pump. This pump 
is located at a small lake about one-half mile from the mill and furnislies alt| 
necessary w^ater. 



F. Mills Saving Silver and Lead Values. 

Mills 120, 121, 122, 123, 124, and 125 are typical exampk*s of this grouf 
and cfjver the practice in three districts. 

§1452* Mill Ku. 120. Bunker Hill and Sullivan Mill, KELLoiio/ 
InAHO.'^^ — The capacity nf this mill is 3,000 tons per 2 1 houi-s.^^ The economic 
nn*neral is urgeiitiferous galena disseminated in a gangue of siderite ami quartzite. 
Fyrite, chalcopyrite, and sphalerite also occur, but not in sufficient cjuantities . 
to be of importance.* The mill is operated thrcH- S-hour shifts per day ancf 
handles 1,(KJ0 tons of ore per shift. In the following flow-sheet tonimges refel 
to the amount handled in S hours. The jiroblem is to save the silver-bearing 
gak'ua. Ore from the mine goes to (1). 
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Rock House, " 

1. Ore bin of 500 tons capacity. From the mine; delivers 1,000 tons per 
h hours, via 4 feed gates, to (2). 

2. Four grizzlies witJi L25-inch spaces between the foal's. From (1) ; deliver 
oversize to (3) and undersize to (0), 

3. Two Comet **D*' ►style bn^ukers. From (2); tleliver rrushed ore to (4). 

4. 30-inch picking belt. From (3); delivci-s hand-plekeil atv, running 
40% lead or better, to smelter and residual ore to {.■>). 

5. Crushing rolls, 14 X 36 inches. From (4); deliver crushed ore lo (7). 

6. Fourteen-ineh belt conveyor. From (2); delivers to (7). 

7. Belt conveyor, 24 inches wide, 8-ply rubber, 31 ii ft'et from center to 
center, IdJo"^ slope, handling l,OtX) tons in S hours, Fruni (5) und ((») ; dolivers 
to (S) in the sampling tower. 

Sampling Tower. 1 

8. Vezin sampler. F>om (7); delivers 6.66% of the ore, as sample^ to (9) 
and residual ore to (12). 

9. Crushing rolls, 14 X 24 inches. From (S); deliver crushed ore to (10). 

10. Vezin sampler. From (9); delivers iUJO^ [, of tlie ore^ as sample, to 

(11) and residual ore to (12). 

11. Sample bin. From (10). The ore is quarttMi'd down to 100 pounds, 
then crushed to 0.25 inch and furthi-r reduced by split shovelin-jj until the qiian- 
titv desired for assay purposes is obtained. The resiiluc from siimpling goes 
to'(12). 

12. Mill bins of 500-tons capacity. From (8), (10), and (11); deliver to 
(13) via 2 plunger feeders. ■ 

South or Coarse4*oncentration MilL 

13. Two cylindrical irommcLs, each with two scrt^ening sci'tjonsj slope, 
LI 25 inches to the foot; speed, 20 nvidutiuns per minute. The first section 
has 18 and the second 36-millimctcr lioles. The feed to these trommels from 

(12) is 980 tout* of or€* running 12% lead; and from (1.5) 6t)0 tons rumiing 8% 
lead. Seven hundreil and fifty tons <tf imdersize through 1-S miliinietcrs go to 
(18), 650 tons of undersi/c through 30 millimett'rs gu to (Ui), and ISO tons of 
oversize to (H). 

14. Two sets of crushing rolls, 14 X 30 inches. From (13); deliver crushed 
ore to (15). 

15. Two elevators; 8-ply belts, IG inches wide; 7.75 X 15-inch mallenble 
iron buckets; speeds, 480 feet per mijuite; 37-inch pulleys; and 4S feet between 
centers. From (14), (16), (17), (19), (21), (22), and (23); deliver eiOI3 tons of 
ore, running 8% lead, to (13), 

16. Two-compartment jigs. From (13); deliver hutch products from all 
compartments to (15), side discharges from first <^onr|>Mrlmenis to (31) r»r (47), 
discharges from second compartments to (17), and tailings, running 0.9* ^ lead, 
to (85).^ 

17. Two sets of crushing rolls, 16 X 30 inches. From (16); deliver crushed 
ore to (15). 

18. Two cylindrical trommels with 10-millimcter holes, making 20 revolu- 
tions per minute and having a slope of 1.125 inches to the foot. From (13); 
deliver undersize to (20) and oversize to (19). 

19. Six 3-compartment jigs. From (18); deliver hutches to (15), mih dis- 
charges from the first two compartments to (47), discliurges from third com- 
partmenia to (22), and tailings, running 1.3% lead, to (85)» 



20. Four cylindrieal trommels, each having two screening sections, tl 
first with 3 ami tho .s^'coiid with 7-niillinie4er lioli/s. The trommels have a slope 
of 1.125 inches to the fool and make 20 revolutions per minute. From (IS); 
deliver 300 lon.s of uudersize from the first seetion, assaying 1G% lead, to (24), 
nndersiae from the second section to (23)^ and oversize to (21). 

2L Four 3-eontpartmeni jigs. From (20) ; deliver hutches from first two 
compartments to (47), hutches from third compartments to (15), side disehargea 
frum tirst two compartnients to (47), discharges from third compartments to 
either (22) or (3.S), and tailings, running 1.9% lead, to (S5). 

The feed to these jigs, together with the feed to jigs (10) and (19), averages 
ll%k^ad. 

22. Two sets of crushing rolls, 14 X 30 inches. From (19) and (21); de- 
liver crushed om to (15). 

23. Four 3-compartment jigs. From (20); deliver hutches from first com- 
partments to (40)^ hutches from second compartments to (4S), hutches from 
third compartments to (15), side discharges from the fii-st two compartments to 
(IS), discharges from third compartments to (28), ami tailings, running 2.1% 
lead, to (S5). 

24. Six 3-spigot hydraulic ehissifiers. From (20) and (29) ; deliver first 
spigots to (25), second spigots to (26), 24 tons of ore, as third spiguts, to (27), 
and overflows, carrying 100 tons of ore, running 18% lead, to {40). 

25. Six 3-eompartment jigs. From (24); deliver hutelies from fii'st com- 
partments to (40), hutches from s(»cond and third eompartinents to (5S), side 
discharges from first compartments to (48), The secontl compartments discharge 
to the third compartments and the latter discharges go to {^S), while the tail- 
ings, assaying 2.5^;f' lead, go to (85). 

20. Six 3-comp:utment sand jigs. Frum (24); deliver hutches frum fii-st 
compartments to (40), hutches and discharges from tlie second and tlunl com- 
partments to (5S), and tailings to (S5). 

27. I'Jght 4H'ompartment fine jigs. From (24) ; dt^iver hutches from first 
compartments to (10), hutches from .second compartments to (48), hutches 
from third and fourtli compartments to (5N), and tailings to (85). 

28. Two middlings elevators, 14 in dies wide^ 7'ply belts, 7 X 12-inch malle- 
able-iron buckets, 37-inrh pulteys, and run at a spcetl of 417 feet per minute. 
From (23) and (30); deliver to^(20). 

29. Two tronniiels with screens iiuving 3-millimeter holes. From (28); de- 
liver undersize to (24) or (54), and oversize to (30). 

30. Four 5-fnot Huntington mills, two of which are held in reserve and two' 
used. Crush through 12 mesh. From (29); deliver pulp to (28). 

31. Two sets of bins. From (16); deliver, via plunger feeders, to (32). 

32. Elevator. From (31); delivers 40 tons of ore, assaying 45% lead, to 
(33). 

33. Six-foot Huntington mill crushing through 20 mesh. From (32); 
delivers pulp to (34), 

34. Pocket launder. From (33); delivers, via 4 pockets, to (35). 

35. Four Wilfley tables. Used to grade the 45% lead product fed from 
(34). DehVer concentrates, assaying 77% lead, to (1*0; middlings to (44.1; 
15 tons of ore, as tailings, assaying 30% lead, to (30); and slimes to (50). 

36. Centrifugal pump. From (35); delivers to (37). 

37. Wilfley table. From (3G); delivers 'concentrates, assaying 70% lead, 
to (44) ; niiiUllings, assaying W'o h'ad, to (50); tailings, assaying 10% lead, to 
(58); and slimes, a.^saying 45% lead, to (50). 

38. Klevator. Fed with 45 tons of ore, assaying 7% lead. From (21); de- 
livers to {Si)), 



mi 



§ 1452. Mill 120. OUTLINES OF MILLS. 1683 

39. Six-foot Huntington mill crushing through 12 mesh. From (38) ; delivers 
pulp to (58). 

40. V-shaped settling tank, 180 feet long by 6 feet deep, having 85 spigots 
and an overflow. From (24); delivers first set of spigots or fine sand to (41), 
second set of spigots to (43), and the last set of 4 spigots, discharging 2 tons 
of ore assaying 17% lead, to (43) or (53). 

41. Wilfley table. From (40); delivers concentrates to (44), middlings to 
(58), 40 tons of tailings, assaying 2.1% lead, to (85), and slimes, assaying 13% 
lead, to (42). 

42. V-shaped settling tank. From (41); delivers spigot to (57) and over- 
flow to waste. 

43. Twenty-four vanners. From (40) ; deliver concentrates to (44) and 40 
tons of tailings, assaying 9% lead, to (57). 

44. Two 2-inch centrifugal pumps. From (35), (37), (41), and (43); deliver 
to (45). 

45. Two Wilfley tables. Used for grading. From (44); deliver concen- 
trates to (49), tailings to (58), and slimes to (50). 

46. Ore bin for first-class concentrates. Receives ore, running 77% lead, 
from (23), (25), (26), and (27); delivers to smelter and drainings to (53). 

47. Ore bin for second-class concentrates. Receives ore, averaging 44% 
lead, from (16), (19), and (21); delivers to smelter and drainings to (53). 

48. Ore bin for third-class concentrates. Receives ore, averaging 55% 
lead, from (23), (25), and (27); delivers to smelter and drainings to (53). 

49. Ore bin for first-class concentrates. Receives ore, assaying 77% lead, 
from (35) and (45); delivers to smelter and drainings to (51). 

50. Ore bin for second-class concentrates. From (35), (37), and (45); 
delivers to smelter and drainings to (51). 

51. Slimes bin. From (49) and (50); delivers to smelter and drainings to 

52. No. 1 slimes trap. From (51); delivers settlings to smelter and over- 
flow to (53). 

53. No. 2 slimes trap. From (40), (46), (47), (48), and (52); delivers set- 
tlings to smelter and overflow to waste. 

Elevator House, 

54. Slgugh-off tank. From (29) ; delivers spigot to (55) and overflow to 

55. Classifier with 2 spigots. From (54) ; delivers spigots to (58) and over- 
flow to (56). 

56. Pulp thickener, a square tank with a goose-neck discharge. From 
(54) and (55) ; delivers spigots to (57) and overflow to waste. 

57. Traylor 3-inch centrifugal pump having a 36-foot lift. From (42), 
(43), and (56); delivers 45 tons of ore, assaying 9% lead, to (59). 

58. Elevator with 7 X 15-inch pressed steel buckets and 36-inch pulleys. 
From (25), (26), (27), (37), (39), (41), (45), and (55); delivers 140 tons of ore, 
assaying 7.5% lead, to (60). 

« 

North or Middlings Re-treatment Mill. 

59. Eight Callow settling-tanks. From (57) ; deliver overflows to waste and 
spigots to (62). 

60. SIough-oflF tank. From (58) ; delivers spigot to (66) and overflow to (61). 

61. Pulp thickener, a square tank having a goose-neck discharge. From 
(60); delivers overflow to waste and spigots to (66). 
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62. Traylor 3-inrh rcntrifugal pump. From (59) and (81); delivers to 
(63). 

6^5, Two sand Imps. Irom (62); deliver overflows to (64) and spigots to 
(65). 

64. Sixteen 6-foot vannei-s. From (63); deliver roneentrates to (86) and 
tailings, assaying 7% lead^ to (S7). 

65. Two Wilflcy tables for treating fine sand. From (63); deliver concen- 
trates to (SO), middfintrs to (n2), tailings to (K7), anf! slimes to (SI). 

66. Elevator. 16 inches wide, H-ply belt, 7 X 15'ineb pressed steel buckets, 
37-ineh pylley/<,45 feet between centers, and having a bc^lt vSpeed of 3S7 feet per 
minute. From (60) and (61); delivers to (07). 

67. Slough-off tank. From (66); delivei-s overflow to (81) and spigot to 
(68). 

6S. Twenty-four inch duplex Callow screen,^ 27 me.sh, 2S wire. From (67); 
delivers undersize to (77) and oversize to (69). 

61K Four 6-foot Huntington mills. Two mills are used and two held in 
resei-ve. They make 65 n^volutions per minute and crush through 20 mesh. 
From (6S), (72), arul (84); deliver pulp to (70), 
, 70. Elevator, From (611); delivers to (71). 

71. Slough-off tank. From (70); deliveJ*s overflow to (81) and spigot to 
(72). 

72. Twenty*four ineh duplex Callow screen, 24 mesh, 26 wire. From (71); 
delivers oversize to {61f) and undersize to (73). 

73. Hydraulic ehiKsifier with 3 spigots. From (72); delivers spigots to 
(75) and overflow to (74). 

71. Two Callow settling-tanks. From (73); deliver overflows to waste and 
spigots to (75). 

75. Four po<'ket launders. From (73) ami (74); deliver to (76). 

76. Eleven Wilfley tables. From (75); deliver coneentrates to (86), mid- 
dlings to (S2), tiiilings, assaying 3% lead, to (87), and sUmes to (81). 

77. Hydraulic classifier with 3 spigots. From (68); delivers spigots to 
(79) and overflow to (78). 

78. Two (*aMow settling-tanks. From (77) ; deliver overflow's to waste and 
spigots to (79). 

79. P'our pocket-launders. From (77) and (78); deliver to (80). 

80. Eight Wilfley tables. From (79) ; deliver concentrates to (86), middlings 
to (82), tsdlings, assaying 1^% lead, to (87), and .slimes to (81), 

81. Eight Callow settling-tanks. From (65), (67), (71), (76), and (SO); de- 
liver overfliiws to waste and spigots to (62). 

82. One 2-ineh cent rifygal pump. From (65) , (76) , and (80) ; delivers to (S3)* 

83. Pocket launder. l^Yom (82); delivers to (84). 

84. Three Wilfley tables for re-treating middlings. From (S3); deliver 
concentrates to (S6), middlings to (69), and tailings, assaying 3% lead, to (87). 

m. Elevators for tailings from the South mill. From" (16), (19), (21), (2:i). 
(25), (26), (27), and (41); deliver 600 tons of tailings, assaying 2.1% lead, to 
coarse-tailings dump. 

86. Bins for concentrates of North mill. From (64), (65), (76), (80), and 
(84). Receive 17 tons of concentrates iissaying 43% lead. Deliver to smelter. 

87. Waste dump for tailings from North mill From (64). (65), (76), (80), 
and (84). Receives 168 tons of tailings assaying 4.5-4 lead. 

The coarse tailings from the South mill will be worked over some time in 
the future by the North mill whiclj was built for this special purpose, although 
it is at present used to help out the South milt. The fine tailings from both 
mills go to waste. 
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The mills^ supposed to nui continuously, have been sliutiing down lately 
about twice a month for general repairs and holidays. They average 27 days 
*a month of continuous running. 

There are on each shift; 1 shift-boas, 4 jig men, 2 vanner men, 3 Huntington 
mill men, 3 oilers^ and, on the day shift, 2 foremen, 3 rock houye mcn^ 1 ore 
picker, 2 roustabouts, 1 blacksmith, 1 helper^ and 1 sampler, besides the super- 
mt^ndent. 

The wages are $3.50 for machine men and $3 per shift for oilers and helpers. 

Power, 

The mill uses about 550 horse-power^ of which about 400 is funiisheil by 
mot<:irs* 

i 145:^. Mill No. 121, Federal Mining and Smelting CriMrAXY, Mace 
Mill, Xo. 1. Wallace, Idaho. ^ The capacity of this plant is 450 tons per 
24 hours. *^ The ore consi,sts of the minerals; argenliferous galena, pyrite and 
sphalerite in a gangue of quartxite and some quartz. All I lie minerals except 
the sphalerite are of economic importance. The problem is to save the silver 
and lead without the zinc values. 

The ore, hauled 3.5 mile.s in railroad cars, is delivrrcd to a new sorting plant 
in which 25 tons of high-grade shipi>ing ore and 55 tons of waste are picked 
out daily, and the milling ore goes to (1). 

1. Bin with a capacity of St>0 toos. From the sorting plant; dt^ivers to 

(2). 

2. Conveyor, From (I); delivers to (3), 

3. Breaker making 100 revolutions per minute. From (2) ; delivers crushed 
ore to (4). 

4. Automatic sampler which cuts *mt a sample every 6 minutes. From 
(3); delivers sample to assayer and reject to (5). 

5. Bin with a capacity of 300 tons. From (4); delivers to (6). 

6. Rolls, 12 X 36 inches, making 00 revolutinns pw minute, and crushing 
to 1 inch. Shells last from 3 to 4 months. Frum (5); deliver crusheil ore to 

7. Fourteen-inch elevator with a l(*-ply belt having a speed of 450 feet 
per minute and 7 X 12-inf*h buckets whir'h elevate 500 tons per 24 hours, 00 
feet. From 0^), (10), nnd (13); tielivers to (K). 

8. Trommel with 15-niillinieter round holes having aslope of 0,5 inch to the 
foot and making 19 revolutions per minute. From (7); delivers oversize to 
(0) and undei^ize to (11). 

9. Four 2-compartment bull jigs with sieves having G-millimetcr round 
holers in sheet steel. The plungers make 150 2.5-inch strokes per minute. Each 
haDcile8 20 ton.^ per 24 hours. From (S), fed with 25.4 to 15-inillimeter stulT; 
deliver side discharges from one sieve to (39)^ middlings to (10), anrl tailings 
to waste*. 

10. Rolls, 12 X 36 inches, making SO revolutions per minute and crushing 
tci 10 millimeters, Shells last from 3 to 4 months. Handle 300 tons per 21 hours. 
From (0); deliver crushed ore to (7). 

11. Trommel with 10-millimeter round holes and other details as in (8). 
From (S); delivers oversize to (12) and undersize to (14). 

12. Two 3-compartment jigs with sieves having 3-millimeter round holes 
in shiH*t steel. The plungers make ISO 2*inch strokes per minute. Each 
handles 15 tons per 24 hours. From (11), fed with 15 to 10-millimeter stutT; 
deh'ver side discharges from 2 sieves to (39), middlings to (13), and tailings to 
waste. 
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13. Rolls, 12 X 24 inches, making 100 revolutions per minute and crushing 

to 7 millimeters. Shells last 5 months. Handle 150 tons per 24 hours. Fi\)m 
(12) J deliver crushed ore to {7). 

14. Trommel with 7-millinieter round holes and other details as in (8), 
From (11); delivers oversize to (15) and undcrsize to (18). 

15. Two 4-compartment jigs with wij-e-eloth sieves having 8 meshes to the 
inrh. The plungei-s make 210 1-ineh strokes per minute. . Each handler* 12 
tons per 21 hours. From (14), fed with 10 to 7-millimeter stuff; deliver side 
disrharges from 2 sieves to (39) ^ middlings to (1<>), and tailings to wast-e, 

16. ilolls, 10 X 30 ineh(Ns, making 80 revolutions per miimte, and crushing 
to 4 millimeters. Shells last 12 months. Handle 70 tons per 24 hours. From 
(15) and (19); deliver rrusluHl ore to (17). 

17. Fourtorn-ineh elevator with details as in (7). From (16), (24), and 
(27); delivers to (2()). 

18. Trommel with 4-millinicter round holes and other details as in (8). 
From (11); delivers oversize to (19) and undersize to (22). 

19. Two 4-€ompartmeut jigs with wire-i-loth sieves having 8 meshes to the 
inch. The plungers make 24Q 0.875-ineh strokes pei' minute. Eaeh handles 
12 t(ms per 24 hours. From (18), fed with 7 to 4-millimeter stuff; deliver side 
disrharges from 2 sieves to (39), middlings to (Hi), and tailings to waste. 

20. Trommel with 2.5-millimeter round holes and other details as in (8), 
From (17); delivers oversize to (21) and undersize to (25). 

21. Two 3-eompartment jigs with wire-eloth sieves having S meshes to the 
inch. The plungers make 250 0.75-ineh strokes per minute. Eaeh handles 
12 tons per 24 horn's. From (20), fed with 4 to 2.5'millimeter stuff; deliver side 
discharges from 2 sieves to (39), middlings to (24). No tailings are made, 

22. Classifier wdth 2 spigots. From (18) ; delivers spigots to (23J and over- 
flow to (33). 

23. Two 4-rompartnient jigs, with brass wire-rloth sieves having 12 meshes 
to the ineh. The phmgei-w make 2S0 0.5-inrh strokes per nunute. Kaeh handles 
12 ton^^ per 24 hours. From (22), fed with 4 to O-millimeter stuff; deliver bot- 
tom disrharges from 2 sieves to (39), mi<ltiiings to (24), and tailings to waste. 

24. One 5-foot Huntington mill making 70 revolutions per minute and 
crushing through slot-punched stee! screens having 20 holes to the inch. The 
screens last about 5 days. The mill under the above conditions handles 45 
tons |)er 21 hours and requires 12 horse-power. From (21) and (23); deliver? 
pulp to (17). ^ 

25. Classifier with 4 spigots. From (20) ; delivers spigot.^ to (26) and over- 
flow to (28). 

26. Four 4-compartment jigs with brass wire-<'loth siev<\s liaving 12 meshes 
to the inch. The phmgers make 340 0.375-inch stroki^s per minute. Each han- 
dle 12 tons per 24 houre. From (2-5), fed with 2,5 to O-millimeter stuff; <leliver 
bottom discharge.^ from 2 sieves to (39), middlings to (27)* No tailings are 
made. 

27. One 5-foot Huntington null with details as in (24). From (26) ; deUvers 
pulp to (17). 

28. Settling tank with 5 spigots. From (25); deUvers spigots to (29) and 
(30) and overflow to (35). 

29. Three Wilfley tables making 235 thrusts per minute. From (28),' 
deliver concentrates to (39) and middlings and tailings to (31). 

30. Two vannei*s making 200 thrusts per minute. From (28); deliver con- 
centrates to (39) and tailings to (37). 

31. Settling tank with 4 spigots. From (29) and (34); delivers spigots to 
(32) and overflow to w^aste. 
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32. Four Wilfley tables making 225 thrusts per minute. From (31) ; deliver 
concentrates to (39) and tailings to waste. 

33. Settling tank with 3 spigots. From (22) ; delivers spigots to (34) and 
overflow to (35). 

34. Three Wilfley tables making 235 thrusts per minute. From (33); de- 
liver concentrates to (39) and middlings and tailings to (31). 

35. Settling tank w^ith 10 spigots. From (28) and (33) ; delivers spigots to 
(36) and overflow to (37). 

36. Ten vanners making 195 thrusts per minute. From (35) ; deliver con- 
centrates to (39) and tailings to (37). 

37. Settling ta^k with 4 spigots. From (30), (35), and (36); delivers 
spigots to (38) and overflow to waste. 

38. Four vanners making 200 thrusts per minute. From (37) ; deliver con- 
centrates to (39) and tailings to waste. 

39. Concentrates shipping-bin. From (9), (12), (15), (19), (21), (23), (26), 
(29), (30), (32), (34), (36), and (38); delivers, via railroad cars, to smelter. 

The taihngs run about 2% in zinc. 

The mill operates 3 shifts per 24 hours and 7 days a week. The wages for 
mill men are $3.50 per 8-hour shift. 

All jig sieves last about 4 months. 

§ 1454. Mill No. 122. Morning Mill, Federal Mining and Smelting 
Company, Mullan, Idaho.'" — This plant has a capacity of 300 tons per 24 
hours and was installed to re-treat jig tailings.' The problem is to save the 
lead. The tailings are fed to (1). 

1. One Huntington mill making 65 revolutions per minute and requiring 
30 horse-power to crush through 30 mesh when handling 300 tons per 24 hours. 
Rings last 3 months; muUers, 40 days; and screens, 4 days. From the tailings 
pile with 400 gallons of water per minute from (9) ; delivers pump to (2) . 

2. One 8-foot Callow conical sloughing-off tank ^ made of 0.125-inch steel. 
From (1) ; delivers spigot, which is made up of 240 tons of ore per 24 hours and 
160 gallons of water per minute, to (3) and the overflow, which consists of 60 
tons of ore per 24 hours and 240 gallons of water per minute, to (6). 

3. Three 24-inch, 80-me8h, duplex Callow screens having speeds of 20 feet 
per minute and a life of 40 days. From (2) with 36 gallons of wash water per 
minute and 60 gallons of water per minute to carry off the oversize from (9) ; 
deliver the oversize, which consists of 123 tons of ore per 24 hours and 60 gal- 
lons of water per minute, to (4) and the undersize, which consists of 117 tons 
of ore per 24 hours and 196 gallons of water per minute, to (5). 

4. Three 6 X 16-foot Wilfley tables making 240 0.75-inch throws per minute 
and requiring approximately 1 horse-power each. From (3) and (4) with 30 
gallons of wash water per minute from (9); deliver 2 tons of concentrates 
per 24 hours to (10), 16 tons of middlings per 24 hours to (4), 105 tons of tail- 
ings per 24 hours to (11), and 75 gallons of backwater per minute to (8). 

5. Ten Wilfley tables with 0.625-inch throws and other details as in (4). 
From (3) with 50 gallons of wash water per minute from (9) ; deliver 10 tons of 
concentrates per 24 hours to (10), 94 tons of tailings per 24 hours to (11), and 
13 tons of ore per 24 hours in the slime water, which amounts to 190 gallons 
per minute, to (6). ^ 

6. Ten 8-foot Callow conical tanks made of 0.125-inch steel. From (2) and 
(5) ; deliver the spigots, which consist of 73 tons of ore per 24 hours and 86 gallons 
of water per minute, to (7) and the overflows, which carry 344 gallons of water 
per minute, to (8). 

7. Ten Chalmers and Williams 6-foot vanners making 205 1-inch throws 
per minute and requiring 0.75 horse-power each. From (6) with 50 gallons of 
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wash water per minute from (9) ; deliver 2 tons of concentrates per 24 hours 
to (10) and 71 tons of tailings per 21 hours to (11). 

S. Ontrifugal pump requiring 3 hori^e-power to elevate 419 gallons of water 
per minute against a head of IS feet. From (4) and (6); delivers 419 gallons 
of water per minute to (9), 

9. Water tank. Receives 419 gallons of water per minute from (8) and 207 
gallons per minute from the water main; delivers 626 gallons of water per 
minute to (1), (3), (4), (5), and (7). 

10. Concentrates bin. Receives 14 tons per 24 hours which will run ap- 
proximately 45.0% in lead* From (4), (5), and (7); delivers, via cars, to 
smelter. 

IL Tailings launder. From (4), (5), and (7) ; delivers 270 tons per 24 hours 
to the taUings dump. 

Labor and Wages, 

Tlie mill is operated 3 shifts a day for 7 days a week. Three men are em- 
ployed on each shift at $3.50 each per shift. 

Power. 
The power is divided up as follows : 



1 Hutilintstcvn mill al 30.0 hone-power , 
13 WMey tables al 1,23 " 
10 Vanot-re al C»76 " ♦" 

I Pump ftt 30 " " 

Total 



-30.0 

.16 

. 7.5 

30 

~M5 



§ 1455. Mill No. 123. Hecla Mining Company, Bihkk. Idaho.*^ — The 
Hecla mill has a rapacity of about 250 tons per 24 hours. The Heela vein 
ftjilow.s a narrow basall flike for its entire length.^ Mineralization has taken 
place along the walls of the tlike and in many cases replaeetl the basalt by 
galena. The economic minerals are argentiferous galena, sphalerite, and pyrite 
in a gangue of fiuartz and basalt. Near the surface, c a rbt>nates and oxides 
of iron and manganese w4th native silver occur. The average ores of the 
district will perhaps run 10% lead and 7 ounces silver per ton. The problem 
is to concentrate and save the argentiferous galena. 

Ore from the mine goes to (1). 

L Grizzly with 4-inch spaces between the bars, 
oversize to (2) and undersize to (3). 

2. Sorting platform. From (1); delivers clean 
waste rock to mine, and milling ore to (5), 

3. (Jrizzly with 2'inch spaces between the bars, 
size to (4) ant! undersize to (tl). 

4. Hand-sorting belt. From (3); delivers clean galena to smelter, clean 
waste rock to mine, and milling ore to (5). 

5. Rock breaker with a jaw opening 9 X 15 inches breaking to 2 inches. 
From (2) and (4); delivers crushed ore to (6). 

6. Mill bin. From (3) and (5); delivers to (7). 

7. Trommel with punched holes 25 millimeters in diameter. From (C) ; 
delivers oversize to (S) and undersize to (9). 

8. Coarse rolls, 15 X 2fi inchf^s, crushing to 25 millinK^ters. Cast-iron shells 
with an average life of 14 weeks, faced once. From (7 1 ; tltdiver crushed ore to (9). 

9. Elevator, From (7), (S), (12), and (17); delivers to (10). 

10, Trommel with punched holes 18 millimeters in diameter. From (9); 
delivers oversize to (11) and undersize to (13). 

11. Four jigs with 2 compartmenta each. From (10), fed with 25 to 18- 



From the mine; delivers 

galena to smelter, clean 

From (1); delivers over- 
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millimeter stuff; deliver clean galena concentrates to smelter, muldlings to 
(12), and tailin^^s to waste in creek. 

12. Medium rolls, 15 X 20 inches. Cast-steel shells with an average life 
of 1 year. From (11) and (14); deliver crushed ore to (9). 

13. Trommel with punched holes 12 millimeters in diameter. From (10); 
delivers ovei*size to (14) and undersize to (15). 

14. Two jigs with 2 compartments each. From (13), fed with is to 12- 
millimeter stuff; deliver clean galena concentrates to smelter, middlings to 
(12), and tailings to waste in creek. 

15. Trommel with punched holes 7 millimeters in diameter. From (13); 
delivers oversize to (16) and undersize to (IS), 

10, Three jigs with 3 compartments euch. From (15), fed with 12 to 7- 
millimeter stuff; deliver clean galena concentrates to smelter, middlings to 
(17), and tailings to waste in creek. 

17. Fine rolls, 12 X 24 inches. Cast-steel shells with an average life of 
1 year. From (16); deliver crushed ore to (0). 

18. Trommel with punched holes 3 millimeters in diameter. From (15); 
delivers ovei-size to (19) and imdersize to (20). 

19. Two jigs with 4 compartments each. From (IS), fed with 7 to 3'milli- 
meter stuff; deliver clean galena concentrates to smelter, midillings to (22), 
and tailings to Wiiste in creek, 

20. Twenty-mesh duplex Callow screen,^ Screen belts 24 inches wide. 
One screen belt takes all the feed and the other is held in reserve. From (IS) ; 
delivers oversize to (21) and undersize to (23). 

21. Three jigs with 4 compartments each. Sieves are 20.5 X 35,5 inches 
and 6~mesh. From (20), fed with 3-milljmeter to 20-mesh stuff; deliver clean 
galena concentrates to smelter, middlings to (22), and tailings to waste in ^ 
creek, 

22. One 5-foot Huntington mill making DO revolutions per minute and re- 
quiring IS horse-power with full load. Roller rings last 3 months and I set of 
die rings hust 6 weeks. Crushes through 30-nie.sli screen. From (19) and (21); 
delivers crushed pulp to (23). 

23. Fourteen-inch elevator with a 10-ply belt having a speed of 377 feet 
per minute and buckets 16 inches apart. From (20) and (22); delivers to (24). 

24. One 4-foot Callow sloughing-off taidv made of sheet steel and cone 
sKaped. From (23) ; delivers spigot to (25) and overflnw to (29). 

25. Sixty-mesh duplex Callow screen. Screen bi'lts 24 iuehes wide. Only 
one belt use<:l, the other l>eing held in reserve. From (24); delivers oversize to 
(20) and undersize to (27). 

20. Onf* Wilfley table making 250 strokes per minute. From (25); delivers 
clean galena concentrates to smelter ant! tailings to waste in creek. 

27. One 8-foot Callow tank made of shei't steel and cone shaped. From 
(25); delivers spigot to (2S) and overflow to (29). 

28. Three Wilfiey tables making 250 strokes per minute. From (27); 
deliver clean galena concentrates to smelter, slimy head waters to (31) and 
tailingH to waste in creek. 

29. Vanner f(*ed tank. From (24) and (27); delivers spigots to (30) and 
overflow to (31). 

30* Six Allis-Chalmers 4-foot Fnie vanners making ISO strokes per minute. 
From (29); deliver cleun galena conei^ntrates to srnelter and tailings to (31). 

31. Centrifugal pump. From (2S), (29), and (30); delivers to (32). 

32. Six Callow settling-tank^. From (31); deliver spigots to (33) and over- 
Howss to waste. 

33. Four Allis-Chalmers 4-foot Frue vanners making ISO strokes per minute* 
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From (32); deliver clean galena concentrates to smelter and tailings to waste 
in creek. 

The whole mill requires 125 horse-power. 

The value of the jig tailings has been reduced by the Callow installation 
from 0.61% to 0.23% lead; and the value of the Wilfley tailings has been re- 
duced from 1.31% to 0.35% lead, as shown by monthly averages. 

The mill runs 3 shifts a day and 7 days a week. Wages are $3.50 per 8- 
hour shift. 

§ 1456. Mill No. 124. Mill No. 3 of the Federal Lead Company, Flat 
River, Missouri.*" — The crushing and sampling departments of this mill 
have capacities of 2,600 tons each per 24 hours. *•• The concentrating depart- 
ment handles 2,400 tons in the same time. The economic mineral is an argen- 
tiferous galena. An average analysis of the crude ore milled for the year ending 
November 30, 1907, follows: 

Pb 6.90 percent Mn 0.465 percent 

Cu 0.065 " CaO 25.80 

Zn 0.82 " MgO 14.60 

S 2.18 " AlaOj 6.765 " 

SiOa 4.566 " ♦Cd 36.026 '* 

Fe 3.925 " Ag 0.13 ounce per ton 

* COi b calculated considering CaO and MgO as carbonates. 

During the 12 months above mentioned 369,901 tons of dry ore were milled. 
The problem is to save the silver-bearing galena. • 

Crushing Department. 

There are two similar sections in the crushing department, only one of which 
is described. 

The ore comes from the mine in side-discharging cars and is dumped directly 

1. Ore bin with a capacity of 150 tons. Receives run of mine ore via cars, 
and delivers to (2). 

2. Shaking grizzly with 1.75-inch spaces between the bars. Makes 135 2- 
inch thrusts per minute, has a capacity of 1,300 tons per 24 hours, and requires 
2 horse-power. From (1); delivers ovei*size to (3) and undersize to (4). 

3. Farrcl-Blake breaker with a jaw opening 24 X 42 inches, set to break 
to 1.75 inches, making 225 thrusts per minute, and requiring 40 horse-power. 
P'rom (2); delivers crushed ore to (4). 

4. Twenty-two inch belt conveyor having a conveying length of 92 feet, a 
speed of 2S8 feet per minute, a capacity of 1,300 tons per 24 hours, elevating 
the ore 28 feet, and requiring 8 horse-power. From (2) and (3) ; delivers to (5). 

5. Trommel, 3.5 X 12 feet, with steel segments 0.1875 inch thick having 
1-inch round holes, a slope of 2 inches to the foot, making 15 revolutions per 
minute, and requiring 2 horse-power. From (4) ; delivers oversize to (6) and 
undersize to (7). 

6. Colorado Iron Works geared rolls, 24 X 48 inches, crushing to 0.75 inch, 
making 35 revolutions per n\inute, and requiring 2G horse-power. From (5); 
deliver crushed ore to (7). 

7. Twenty-eight inch elevator having a speed of 400 feet per minute, stag- 
gered buckets, 7 X 14 inches, set 18 inches apart, elevating the ore 51 feet, 
handling 1.300 tons per 24 hours, and requiring 9 horse-power. From (5) and 
(6); delivers to (8). 

8. Two trommels, 4 X 12 feet, with 9-millimeter round holes, slopes of 
2 inches to the foot, and making 15 revolutions per minute. Each has a working 
capacity of 650 tons per 24 hours and requires 2 horse-power. From (7); 
deliver oversize to (9) and undersize to (12). 
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9. Two sets of Colorado Iron Works geared rolls, 24 X 48 inches, crushing 
to 9 millimeters, and making 61 revolutions per minute. Each set requires 60 
horse-power. From (8) and (11); deliver crushed ore to (10). 

10. Two 26-inch elevators having speeds of 400 feet per minute, staggered 
buckets, 7 X 14 inches, set 18 inches apart and elevating the ore 64 feet. Each 
requires 4 horse-power. From (9); deliver to (11). 

11. Four trommels, 4 X 12 feet, with 9-millimeter round holes, slopes of 
2 inches to the foot, and making 15 revolutions per minute. Each requires 1 
horse-power. From (10); deliver oversize to (9) and undersize to (12). 

Sampling Department. 

There is only one section in this department. 

12. Twenty-four-inch belt conveyor having a conveying length of 321 feet, 
a speed of 290 feet per minute, a maximum capacity of 3,600 tons per 24 hours, 
elevating the ore 63.5 feet, and requiring 9 horse-power. From (8) and (11); 
delivers to (13). 

13. One 9-foot Vezin sampler cutting out 10% of the ore and making 15 
revolutions per minute. From (12); delivers sample to (14) and reject to (20). 

14. Shaking feeder making 140 1.75-inch strokes per minute and having a 
maximum capacity of 240 tons per 24 hours. From (13); delivers to (15). 

15. One 6.67-foot Vezin sampler with details as in (13). From (14); de- 
livers sample to (16) and reject to (19). 

16. Shaking feeder with details as in (14) but handling only 24 tons per 24 
hours. From (15); delivers to (17). 

17. One 3.34-foot Vezin sampler cutting out 20% of the ore and making 
15 revolutions per iflinute. (13), (14), (15), (16), and (17) requires 2 horse- 
power. From (16); delivers sample to (18) and reject to (19). 

18. One 8-compartment sample bin with a total capacity of 32 tons. From 
(17); delivers samples to assayer and rejects to (19). 

19. Fourtecn-inch-elevator having a speed of 300 feet per minute, buckets 
14 inches wide, set 18 inches apart, elevating the ore 54 feet, and requiring 2 
horse-power. From (15), (17), and (18); delivers to (20). 

20. Twenty-four-inch belt conveyor and tripper. The belt has a conveying 
length of 250 feet, a speed of 300 feet per minute, a maximum capacity of 
3,600 tons per 24 hours, elevates the ore 7 feet, and requires 6 horse-power. 
From (13) and (19) ; delivers to (21). 

Jig and Table Departments. 

These departments are divided into 3 sections, one of which is described 
below. The capacity of the mill from this point is 2,400 tons per 24 hours. 

21. Two storage bins, 23 X 28 X 39 feet, each having a capacity of 1,400 
tons. From (20); deliver to (22). 

22. Two shaking feeders making 60 1.5-inch strokes per minute. Each has 
a capacity of 400 tons per 24 hours or 4.3 cubic feet per minute and requires 
0.5 horse-power. From (21); deliver to (23). 

23. Two 14-inch elevators having speeds of 360 feet per minute and ele- 
vating the ore 60 feet. Each handles 400 tons per 24 hours and requires 2.1 
horse-power. From (22); deliver to (24). 

24. Four tronmiels, 4X9 feet, with 7-millimetor round holes, slopes of 1 inch 
to the foot, and making 20 revolutions per minute. Each handles 200 tons per 
24 hours and requires 0.75 horse-power. One hundred and sixty-eight gallons 
of water per minute are added, 64 gallons to remove the oversize and 104 gallons 
as spray water. From (23); deliver oversize to (28) and undersize to (25). 



I 



1092 ^^^^^^P OHB DBESSiXG, Mill 124. | 1454 

25. Four trommels, 3X9 feet, with 1-millimeter round holes, slopes oi 
1 iiu'h to the foot, untl mHkin.g 22 revolutions per minute. Each haMtlles 146.3 
tons per 24 hours and requires 0.5.3 horge-power. One hundred and twenty- 
eight gallons of water per minute are added, 54 gallon.s to remove the ovei-sisie 
and 64 i!;allons as spray water. From (24) ; deliver oversize to (29) and under- 
shv to (20). 

20. Four trommels %vith 2-niilUmeter round hole^. Each handles 84 tons 
per 24 horn's an<l requires 0.45 horse-power. One hnntired and twenty-four 
gallons of water per ininut^^ are added, ti4 gallons to remove the oversize imd 
50 gallons as spray water. Other details as in (25). From (25); deliver over 
size to (30) ami untlersize to (27). 

27. Four Kiehards* vortex rlassifera wnth 3 spigots and 3-ineh soiling 
eolunms each. Eaeh handles 48.5 tons per 24 hours. Two hundred and sixty- 
four gallons of water per minute are added, 13() gallons a.s hydraulie water for 
the first, 80 gallons for the second, and 48 gallons for the third sorting eolunms. 
The first spigots deliver 1H> gjdlons, the seeond spigots 50 gallons, and the third 
spigots 50 gallons of water per minute. The ovi'iilows eai ry 284 gallons of water 
per minute. From (20) ; deliver first spigots to (31), second spigots to (49), third J 
spigots to (50), and overflows to (72). 1 

28. Eight 1-eonipartmeiil Haiz jigs with .sieves, 17,5 X 32.5 inehes, of No. 
13 steel plate with 7-millimeter round holes. The plungers, 18 X 34 inehes, 
make 155 L25-ineh throws per minute. Eaeh handles 20 tons per 24 hours 
and requires 0.57 horse-power. Two humlreil and forty -^^ight gallons of water 
per minute are added. The hutehes diseharge 120 gallons ami tlie tailings 
carry 192 gallons of water per minute. From (24); deliver concentrates and 
hutch p^oduct^i to (02) and tailings to (33). 

29. Eight 3-eompartment llar;^ jigs with sieves, 17.5 X 32.5 inches. The 
fii'st and second sieves are of 1-mesh, 10- wire cloth anti the third sieves are of 
steel phiU' with 5-millimeter rountl hoU*s. The plungers, 18 X 34 inches, make 
108 strokes per minute. The strokes of the first and second plungei-s are 0.875 
ineh and of the tliiid 0.75 inch in length. Each handles 30.2 tons per 24 hours 
and requires 1.2 hnrs( -power. Three hundred and eighty-four gallons uf water 
aje addeiL The first hutches ilischarge 72 gallons, the second 90 gallons, and 
the thinl 104 gallons o( water per minute. The tailings carry 170 gallons of 
water per minute. From (25); deliver first hutches to (32), second and third 
hutches to (33), and tailings io (71). 

30. Eight 3'compartment llarz jigs with sieves, 17.5 X 32.5 inches. The 
first sii-ves are of nteel plate with 4-miIlimeter round holes; the .second sieves 
are of 5-iiiesh, 16-wire cloth ; and the third sieves are of 7-mesh, 17-wire cloth. 
The pliingei-s, 18 X 34 inches, make 220 strokes per minute. The strokes of 
the first plungers are 0.75 inch and of the second and third 0.025 inch in length. 
Each handles 10.7 tons per 24 hours and requires 1.0 horse- power. Two hun- 
ched and ninety-six gallons of water per minute are added. The first hutches 
discharge 01 gallons, the .second 04 gallons, ami the third 72 gallons of water 
j>er minute. The tailings carry HK) gallons of water per minute. From (20); 
fleliver f\iM. hutches to (02), second and third hutches to (0^3), and tailings to 
(71). 

31. Eight 2-compartment Harz jigs with sieves^ 17.5 X 32.5 inches, of 
steel plate. The first sieves have 3-millimeter and the .second have 2-milli- 
meter round holes. The plungers, 18 X 34 inches, make 240 strokes per minute. 
The strokes of the first plungers are 0.5 inch and of the second 0.375 inch in 
length. Each hantlles 9,0 tons per 24 hours and requires 1.4 horse-power. 
One hundred and twenty -eight gallons of water per minute are added. Tlie 
first hutches discharge 48 gallons and the <r finid 50 gallons of water per minute.., 
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The tailings carry 120 gallons of water per minute. From (27); deliver first 
hutches to (62), second side discharges and hutch products to (63), and taU-j 
ings to (71). 

32. Two shaking launders, 110 feet long, making 100 1-ineh strokes per 
minute, and requiring 2 horse-power, Common to three sections. From (29) ; 
deliver to (62). 

33. Dewatering box, 3 X 3.5 X 8 feet. The feed carries 592 gallons of 
water per minute. From (28), (29)^ and (41) ; delivers spigot to (34) and water 
to (64). 

34. Cole shovel-wheel making 13 revolutions per minute and requiring 0.5 
horse-power. Delivers 30 gallons of water per niinuti' with the on* and 562 
gallons of water per minute, — including the spigot water from (33). From 
(33); delivers ore to (35) aiul water to (04). 

35. Fourteen-iuch elevator having a speed of 405 feet per minute, elevating 
the ore 36 feet and requiring 1.1 horse-power. From (34); delivers to (36) » 

36. P. and iVL rolls, 16 X 36 inches, making 120 revolutions per minute and 
requiring 19 horse-power. From (35); deliver crushed ore to (37). 

37. Fourteen-iuch elevator having a speed of 405 feet per minute, elevating 
the ore 60 feet, and requiring L4 horse-power. From (36); delivers to (38). 

38. Two trommels, 4X9 feet, with 4-millimeter round hules, slopes of 
1 inch to the foot, and making 20 revolutions per minute. Each requires 1.4 
horse-power, Sixty-four gallons of water per minute are added, 32 gallons to 
earr>* away the oversize and 32 gallons as spray water. From (37); deliver 
oversize to (41) and undersize to (39). 

39. Two trommels, 3X9 feet, with 2-millimeter round holes, slopes of 
1 inch to the foot^ aiul making 22 revolutions per minute. Each requires 1.1 
horse-power. Sixty-two gallons of water per minute are added, 32 gallons to 
carr>' away the oversize and 30 gallons as spray water. From (38); deliver 
oversize to (42) and undei-size to (40). 

40. Two Riehards' vortex t'lassifiei-s with 3 spigots and 3*ineh sorting columns 
rh. One hundred gallons of hydraulic water per minute an^ ailded. of whieh 

^8 gallons go to the hrst, 34 gallons to the second, and \S gallons to the third 
sorting eolumns. The first spigots discharge 24 gallons, the second spigots 3G 
gallons, and the third spigots 20 galbns of water per minute. The overflows 
carry 112 gallons of water per minute. From (3*.)) ; deliver first spigots to (48), 
second spigots to (54)^ third spigots to (50), anti overflows to (43). 

41. Eight 3-compartment Ilarz jigs with sieves, 17.5 X 32.5 inches. The 
first and second-compartment sieves are of 4 mesli, Ui wire and the third com- 
partment sieves are of steel plate with 5-millimeter round holes. The phmgers, 
18 X 34 inches, make 175 1-inch strokes per minute. Each handles 20 J) tons 

r 24 hours and requires 1.2 horse-power. Four hundred and sixteen gallons 
water per minute are addrd. The first hutches discharge 72 gallons, the 
second hutches 96 gallons^ and ihv third hutches 104 gallons of water per 
minute. The tailings vnny 170 gallons of water per minute. From (38); 
deliver first hutches to (62), second hutches and third side discharges and 
hutehes to (33), and tailings to (71). 

42. Four 3-compartment Harz jigs with sieves, 17.5 X 32.5 inches. The 
first-<*om part men t sieves are of steel plate and have 4-iniHimeter rountl holes; 
the second-<*ompartment sieves are of 5-mesh, 10-wire cloth; and the thirtl-com- 
partment sieves are of 7-mesh, 17-wire cloth. The plungei-s, IS X 34 inclies, 
make 220 strokes per minute. The strokes of the first plungers are 0.75 inch 
jmd 6f the second and third plungers 0.625 inch in length. Each handles Ls. 3 
tooa per 24 hours and requires 1.6 horse-power. One hundred and fortyn^ght 
gMom of water per minute are added. The first hutches diBcbarge 32 gallons^ 
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the second hutches 32 gallons, and the third hutches 36 gallons of waiter per 

minute. The tailings carry 80 gallons of water per minute. From (39); de- 
liver first hutches to (02), second hutches and third side ilischarges and hutches 
to (63), and tailings to (71). 

43. Spitzkasten with 4 spigots and sides sloping at G5°. The first spigot 
discharges 14 gallons, the second spigot 14 gallons, the third spigot 11 gallons, 
and the fourth spigot 11 gallons of water per minute. The overflow carries 
IDS gallons of water per minute. From (40) and (47); delivers first 2 spigots 
to (55), last 2 spigots to (57), and overflow to (54). 

44. Shaking launder, 30 foet long having a slope of 0.375 inch to the foot and 
a Fi'deral shaking screen on the ind, with L5-millimeter round hok^s. The 
laiuidtr and screen make 240 l-iii{4i throws per minute and require 1 hoi"se-power. 
The feed carries SO gallons of watei* per minute^ of whiih 'Ai) galluus are carried 
by the ovei-size and 41 gallons by the undcrsiise. Froiu ((53 j ; delivers oversize 
to (40) and undersize to (59). 

45. Two 5-foot Huntington mills crushing through 9-mesh, 17-wire rolled- 
slot sciTens, and making 76 revolutions per minute. Each has a capacity of 35 
tons per 24 hours and requires 4.5 liorse-power. The pulp ilischarge carries 80 
gallons of water per minute. From (L>^i); deliver pulp to (4t>), 

46. Two 5-iueh cpntrifiigal sjuid pmnps making 720 revolutions pvr minute. 
Only one is run, the other being lu'ld in reserve. Each pump requires 9 horse- 
power when delivering 116 gallons of water per minute against a hetul of 38 i 
feet. From (44) and (45); deliver to (47). 

47. Two Richards' vortex classifiers with 3 spigots and 3-inch sorting 
columns each. One hundred gallons of hydraulic water per minute are addetl^ 
of which 48 gallons go to the first, 34 gallons to the second * and IS gallons to the 
third sorting colunms. The first spigots discharge 24 gallons, the second spigot 
36 gallons, and the third spigots 20 gallons of water per minute. The overflows 
carry 136 gallons of water t>er minute. From (46) ; deliver fiiT^t spigots to (48), 
second spigots to (54), third spigots to (56), and overflows to (43), 

48. Four 2-compartment Harz jigs with sieves, 17.5 X 32.5 inches, of steel 
plate with 3-mil!imeter round holes. The plungers, IS X 34 inches, make 240 
strokes per minute. The strokes of the first plungers are 0.5 inch and of the 
second 0.375 inch in h*ngth. Each handles 10/2 tons per 24 houi's and requii'es 
L4 horse-power. Sixty-four gallons of water per minute are added. The first 
hutches discharge 24 gallons and the second hutches 2S gallons of water per 
minute. The tailings vurry 60 gallons <jf water per minute. From (40) and 
(47); deliver first hutches to (62), second side discharges and hutches to (63), 
and tailings to (71). 

49. P'our No. 5 Wilfley tables making 250 strokes per minute. Each handler 
7.5 tons per 24 hours and requires 0.3 horse-power. Twenty-four gallons of 
w^ater per minute are added. The concentrates cnrry 2 gallons, the middlings 
4 gallons, and the tailings 74 gallons of water per minute. From (27); deliver 
concentrates to (61), middlings to (58), and tailings to (71). 

50. Four No. 5 Wilfley tables with power, speed, water, and capacity de- 
tails as in (49). From (27); deliver concentrates to (61), middlings to (58), 
and tailings to (71). 

51. Four No. 5 Wilfley tables making 260 strokes per minute with power, 
water, and capacity details as in (49). From (72) ; deliver concentrates to (61), 
middlings to (60), and tailings to (71). 

^ 52. Two C and W. 64oot plain-belt Fruc vanners making 196 strokes per 
minute and having a speed of about 3 feet per minute. Each handles 5,3 tons 
per 24 hours and requires 0.2 horse-power. Four gallons uf %vash water per 
minute are added. The concentrates carry 0.5 gallon and the tailings 36.5 gal- 
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Ions of water per minute. From (72); deliver concentrates to (61) and tail* 
iDga to (71). 

53. One C. and W. 6-foot plain-belt Frue vanner with details as in (52). 
Two gallons of wash water per raioute are added. The concentrates carry 
{)/2o gallon and the tailings IS.25 gallons of water per minute. From (72); 
deliver concentrates to (61) and tailings to (71). 

54. Eight No. 5 Wilfley tables making 2o0 strokes per minute with details 
Bs in (4D), Forty-eight gallons of water per minute are ailded. The concentrates 
earr>" 4 gallons, the middlings 8 gallons, and the tailings 108 galluns of water 
per minute*- From (40) and (47); deliver concerrtrates to (Ol), middhngs to 
(58), and taiHngs to (71), 

55. Two No. 5 WilHey tables making 260 strokes per minute with details 
as in (4*J). Twelve gallons of water per minute are added. The roncentrales 
carry 1 gallon, the middlings 2 gallons, and the tailings 43 gallons of water per 
tninute. From (43); deliver concentrates to (61), middlings to (60), and tail- 
ings to (71), 

56» Two No, 5 Wilfley tables with details of power and water as in (55)* 
From (40) and (47) ; deliver concentrates to (61), middlings to (00), and tailings 
to (71). 

57. One C, and W. 6-foot ptain-belt Frue vanner with details of power and 
water as in (53), Ihuidles 6.7 tons per 24 hours. From (43); delivers con- 
centrators to (61) and tailings to (71). 

58, Two No. 5 Wilfley tables with details of power and capacity as in (49). 
Twelve gallons of water per minute are added. From (49), (50), and (54). 
deliver concentrates to (61) and tailings to (71), 

59* One 8-foot Callow cone-classifier. The spigot discharge carries 22 gal- 
lons and the overflow 150 gallons of water per minute. From (44) and (63); 
delivers spigot to (60) and overflow to (64). 

iVO, One No. 5 Wilfley table witli details of power and eapa<"!ty as in (49). 
Six gallons of water per minute are added. Fiuni (51), {33)^ ('">6), nod (39); 
dehV«*rs coneontrates to (61) and tailings to (71), 

From this point there is but one section for the mill 

01, Thrt»e 2.5-inch centrifugal pumps. Each handles 13 gallons of water 
per mioute and requires 6 horse-power. From (49), (50), (51), (52), (53), 
(54). (55j, (56), (57), (58), and (60): tleliver to (69). 

62, Two Garland wire-ropu 7-inch disc conveyors with conveying lengths 
of 185 feet and speeds of 130 feet per minute. Each requires 2.3 horst^-power. 
From (28), (30), (31), (32), (41). (42), and (48); deliver slimes concentrates to 
(67) and clean concentrates to (6S), 

<»3, Three dew ate ring boxes with 2 spigots each. The first spigots discharge 
SO gallons, the second spigots 128 gallons, and the overflows SO gallons of water 
p<*r minute. From (30), (31), (42), and (48) ; deliver first spigots to (45) » Si^eond 
spigots to (59), and overflows to (44). 

G-L Mill supply sump. Receives 2,914 gallons of water ptT minute, of which 
270 gallons is make-up water coming from ilie mines. From (33), (34), (43)^ 
(59)," and (67): delivers to (65). 

65. Three De Laval centrifugal pum|)H making 1,720 revolutions per minute. 
Each requires 58 horse-power to hft 1.500 gallons of water per minute against 
a h*^ad of UH) feet. From (01); deliver to (66), 

66, One ltM).000-gallon storage tank. From (65); delivers to mill system, 

67, Ten sliraes-conctrrt rates settling tanks, 2 X 10 X 12 feet, with steam 
pipes in the liottoms. From (62) ; deliver slimes to smelter and overflows to (64) . 

68. Two 120-ton concentrates bins. From (62) and (69); deliver concen- 
trates to snw^ter and slimes to (70), 
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69. Table concentrates tank. From (61) ; delivers slimes to (70) and con- 
cent raU's to (68). 

70. Two slimes-concentrates settling tanks, 3 X 16 X 16 feet, with steam 
pipes in the bottoms. From (6S) and (69); deliver pulp to (74). 

7L Automatic tailings samplen From (29), (30), (31), (41), (42). (48), 
(49), (oO), (51), (52), (53), (54), (55), (56), (57), (5S), (60), and (72); deUvem 
sample to assayer antl reject to (73). 

72. Two 4-?;pigot Spitzka.sten with sides sloping at 65*^ (in each of the 3 
sections). The first spigots disrharge 2S gallons, llic st^cond spigots 2S gallons, 
the tfiird spigot.s 22 gallons, the fourth spigots 22 gallons, and tht^ overttowa 
1S4 gallons of water per minute. From (27); delivtM' first 2 spigots to (51), 
thh'd spigots to (52), fourth spigots to (53), and overflows to (71). 

73. Taiiirigs-settliug box, 13 X 23 X 26 feet. Ri^('pive.s 1,579 gallons of 
Tvater per niimiti'. The overflow carries 1,549 guUons and thu settlings 3(J gal- 
lons of water pt^-r minute. From (71); delivei's settlings to (7N) and overflow 
to (74). 

74. Eighteen annular-overflow settling tanks, 20 X 20 feet. The over- 
flows carry 1 ,309 gallons and the spigots 240 gallons of water per minute. From 
(70) and (73) ; ileliver spigots to (76) and overflows, via sump, to (75) or waste. 

75. Two S-iiH'li Worthington centrifugal pumps. Each pump requires 36 
horse-power to lift S40 gallons of water per minute against a head of 45 feet. 
From (74) ; deliver to mill system. 

76. Forty-eiglit r-anvas tables, 12 X 14 feet, made of IS-oimce duck, and 
sloping 1.56 inches to the foot. From (74); deliver concentrates to (77) and 
tailings to waste. 

77. Tw^o slimes-concentrates tanks, 10 X 35 feet, wdth steam pipes in the 
bottoms. From (76) ; tleliver to smelter. 

7S. Ribh't aerial tram, 2,500 fert between the terminals^ having a speed of 
235 feet per minute, an S-foot gauge, and 34 buckets, eat'h having a capacity 
of 22 cubic feet and carrying 2,330 pounds of ore. 
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R(*quires 30 horse-power. From (73) ; delivers to w^aste. 
An average analysis of the concentrates obtained foi' the year ending Novem-^ 
ber30, l!in7, follows: 

AM 

2M5 " 

1.29 " 

7-055 " 

1.036 oaocei per loa 

* CQi cakttlated eoosidediaj CaO ami MgO as cajrboiutefi. 

Out of 3Gt*,lM)l tons of dry crude ore milled during the 12 months above 
mentioned, 2S, 16S tons of dry concentrates were produced, which assayed 
63.7% in lead and represented a saving of 83.1%, Table 543 gives the approxi* 
mate distribution of products with corresponding a.ssay values. 
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The mill operates three 8-hour shifts per day, 6 days a week. There are 
employed about 56 men per shift at an average wage of $1.72 per shift. 

Power Plant. 

The power plant supplies compressed air for the various mines and elec- 
tricity for the mill. The equipment consists of six 450-horse-power Heine 
water-tube boilers, set in two batteries. The steam for the air compressors is 
taken directly from the steam headers, and steam for the turbines is passed 
through Foster superheaters which are fired separately. The engine-room 
contains 3 Nordberg air compressors with steam cylinders, 16 and 32 inches in 
diameter, and 42-inch strokes; air cylinders, 17.25 and 28 inches in diameter, 
and running, nominally, at 90 revolutions per miniite. Each compressor is 
fitted with a Wheeler surface-condenser. The electrical equipment comprises 
three 500-Kilowatt, 3-phase, 440-volt, 60-cycle, Curtis turbme generators, eaih 
fitted with Wheeler surface-condensers. One steam-driven exciter and one 
motor exciter, together with a 10-panel switchboard fitted with a Turrell Volt- 
age regulator, meters, etc., complete the equipment. 

The power input to all motors is at 440 volts. 

The power, as distributed throughout the flow-sheet (see Table 544), is 
under conditions of normal load only. 

Water. 

For a summary giving the number of gallons of water used by each machine 
see Table 545. Table 546 gives a summaiy of the water circulation. 



TABLE 544. — POWER SUMMARY FOR MILL 124. 



Deportment. 



Crushing plant 

Conveying and sampling plant 

Jig room and elevators 

Rolls , 

Huntington mills and pump 

Table room 

Concentrates conveyor 

Shaking launder , 

Aerial tramway 

Totals and averages 

Water Data (2 sections of mill operat 

ing) 

Power required by mill -supply and 

return water-pump , 



Number 

of 
Motors. 



2 
1 
6 
3 
3 
6 
1 
5 
1 
28 



Horse- 
power 
Each. 



250 
50 
50 
25 
50 
20 
10 
3 
35 



Make. 



General Electric . 



Allis-Chalmers . . 
General Electric . 



75 General Electric 
40 jWestinghouse ... 



Total 
Horse- 
power. 



500 
50 

300 
75 

150 

120 

10 

15 

35 

1,255 

225 

80 



Operating 
Average. 



482 

28 

294 

57 

108 

72 

9 

6 

30 

1.085 



Power 
Factor. 



.79 
.76 
.91 
.72 
.88 



.55 

.81 



.93 



Amperes. 



600 
36 

316 
78 

120 

117 

11 

18 

36 

1,332 

122 

43 
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OHE DRESSmO. 



Mill 125. § 1457 



TABLE 546, — SUMMARY OF WATER CIRCULATION. 



L 



Madunc. 



7-milUmetei tromnwls, AH by WH inches , 



4 " * 30 by rOS 

2 " " arj by 108 

4 •* ** ne |{riod, 48 by 108 inches . 

2 " " " 3rt by 108 " 

^-T ** »£&, 1 com parlment, sieve 17.5 by 32,5 indies . 
7 4 " ^ ^ " " 17^ by 32.5 " . 

4^2 " •* a •• " 17.5 by 32.5 " . 

2 " '* 2 ' " 17^ by 32-6 ** . 

Rtchard<^' ^1-*piBot vorles clii«^if>eni —direct 

Number 5 Wdtlry l;i bles — din-ct .......*,......*. 

Chfotii C. i\nei VV , vatiticpj . 

Oversiwr jig*, re (fripwl, 3 c imparl ments .. ...,««.«..««*« 
4 2-milMmeicr jiK:!i, re^rtnd, 3 compartments.. •,..«* 4.* ,«• » 

2 2^ " 

Richards' 3-5pigot vortex dassifien^ re-f rtod 

Number S Wilflcy Ubles, re-ffrfnd , . . . . 

middlings ., 

4-5piRot Spiuku^tcn, tlircct 

4 " " re grind .. - ..-,.... 

Slimes concentrates ^tllins ui^s and oooccotnlei bins . . . 
Dewilerirtf; Ikjs and shavei wheel ..................... 

Cone ck^sifier ... , 

Slimes cuncenlrittcs ^ttling Uioks ...4>.»**.,^.*,.*.**.**^ 

MihcelKificous iva»h water .^«.t'.«j «».»..* 

TolaU 4 



I Fresh 
Number' Water per 



per 2 
Sectioii& 



4 
4 
4 

3 
2 

H 
S 

8 
4 

It 
4 

8 
4 

4 
4 

12 
3 
2 
1 



Machine 

Gallons per 

Minute. 



42 
32 
31 

32 
31 
31 
4g 
37 
16 
66 
6 
2 
52 
37 
16 
50 



Total 

Fresh 

Walcf, 

GaUoQS per 

Minute. 



168 

I2S 

124 

64 

62 

248 

384 

206 

128 

264 

72 

8 

416 

148 

64 

200 

72 

18 



60 
2,iH 



Amount 
IQ Return 
Sptem. 
G^\kin& per 
Minute. 



198 



562 
425 



um 



Amount toi 
Tjtilin^ 
Setthi^ 

Boi. Gal- 
lons per 
Minute. 



176 

tm 

120 



222 

75 
176 
80 
60 



IU4 
64 
184 



50 
].&7i» 



TmIuI fresh WAtoT .ivailnhle from mines ....*.,-.*., 1.300 getllons per minute. 

" walcr rctiuire^l imm ^etllinK tanks ....*,,......., 3,437 " " ** 

" " uvailAblc from return- water sj-stem ..,.•,,.,•., » . . .. ..4,006 " '* " 

Total water retiuircd for three double sections ,..,...,». 4 ......8,742 " " " 

§ 1457. Mill No. 125. The Smuggler Lead Concentrator, Smuggler 
Mining Company, Aspen, Colorado. — This mill has a rapacity of 400 tons 
pnr 24 hours."*' Thci oro consists of the (.economic minerals, native silver, 
argentiferous ^iilena, pyritc% argentifernus barite, sphalerite, and sinithsonite 
in a ganguc of tlt>loinite anil quartz. The zinc minerals are amorphous and the 
remainder are in fine crystallization. The eountry rock is shale in the hanging 
wail and brown dolomite in the foot w^alL The problem is to save the silver 
an«i lead values without the zinc anrl barite. The concentration of the zinc 
minerals has often been attempted but wuthout success, due to the inability 
ttj separate tht^ zini* from the barite. 

Ore from the mine is tlelivered, via overlapping pan conveyor, to (1). 

1. One breaker ore-feeder, 24 X 2S inches, with a grizzly bottom having 
bars 1.25 inches apart and making 30 6-inch strokes per minute. From the 
mine; delivers oversize to (3) ami uiidersize to (2). 

2, Bin, S X 12 X 12 feet, having a capacity of 75 tons. From (1) and (3); 
delivers to (4) or (26). 

3, One Doflge breaker, 9 X 15 inches, making 250 revolutions per minute, 
using tnanganesi?-^teel plates, and breaking to L25 inches. From (I); delivers 
crushed ore to (2). 

4. Di.sc o re-feet ler, 3 feet in diameter and making 15 revolutions per minute. 
From (2); (h4ivers to (5). 

5. Tiommtl conveyor, 2.5 X 8.25 feet, making 16 revolutions per minute 
ant! having a slope of 12 tlegrees. The trommel is divitled into 3 sections; the 
first 40 inches is of 0.25-inch steel plate with no htjles. then comes 30 inches of 
plate having 20-miltimeter round holes, and finally 29 inches of 0.25-inch plate 
witli no holes. From (4); delivers oversize to (7) and undersize to (0). 

6, Fotirteen-inch vertical elevator with qn 8-ply Sawyer canvas belt having 



wk 



I 
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^M speed of 300 feet per minute and No, S gauge Salem buckets, 6 X 12 inches, 

Hpet IB inches apart, elevating the ore 70 feet.' From (5), (7). (62), and (53); 

^KcHvers to (8). 

^^ 7, Rougliing rnlls^ 14 X 24 inrhes. making BO revolutions per minute, and 

II ^crushing to 0J5 inch. From (5); deliver crushed ore to ((>). 

I^ft^ H. V'ezin automatic sampler making one eiit per minute and cutting out 

^^bom IS to 20 tons of ore per 24 hours. From (6) ; delivers sample to (02) and 

^K^ual ore to (9). 

^■^ 9. Two trommels, 3 X 5.25 feet, having 13-miIlimeter round holes, .slupeij 

of 12**, and making 16 revolutions per minute. From (8) ; deliver oversize to 

(10) and undersize to (14). 

10. Trommel, 3 X 5.83 feet, with two sections, the first 40 inches having 
16-millimeter and the remainder 20-millimeter roLu*d holes. Makes 16 revolu* 
tions* per minute and has a slope of 12°, From (Ifl ; delivei's 6 to O-millimeter 
stuff to (12), 20 to 16-millimeter stuff to (11), and material larger than 20 milli- 
meters to (13). 

11. One double 1-compartment crank-arm, quiek-rckirn, Harz jig with 
^—Sieves of 0.25-inch-mesh iron-wire cloth. The plungers make 85 2-inch strokes 
^Ber minute. From ( 10) , fed with 20 to lO-millimetcr stuff; deliver concentrates, 
^Kria Heberli gate, to a concentrates box. from which they go to (67), the hutch 
IHIproduct, via spiml pumps **A'* (making L*^ revolutions per minute and having 

a 14-inch throw), tu (65), and tailings, from both en<ls, to (13). 
, 12. One double 1-compartmeni crank-arm, qiuck-return, Harx jig, with 

^■■ievcs of 7-mesh, IS brass-wire cloth. The plungers make ?K) 1.5-inch strokes 
^Ker minute. From (10), fed with 16 to 0-milIimeter stuff; deliver concentrates, 
^Bria pipe discharge, to a concentrates box and thence to (67); the hutch product, 
^■^ia spiral pump **A,*' to (65); and tailings, from both ends, to (13). 

13. Belted rolls, 15 X 30 inches, making 20 revolutions per minute, and 

Irving Midvale steel shells. From (10), (11), (12), and (2(5); deliver crushed 
pre 
LnrI 



^re to (25). 

14, Trommel, 3 X 5 feet 
id making 16 revolutions 
id undersize to (17). 

15. One 4-compartment 
7-mesh, 18 brass-wire rloth. 






having 10-millimeter round holes, a slope of 12^, 
per minute. From (9); delivers oversize to (15) 

crank-arm, quick-return, Hnrz jig with sieves of 
The phnigers make 05 L25-inch strokes per minuti*. 
rom (14), (27). and wash water from (64), fed with 13 to 10-millimeter stuff; 
lelivers discharge of the first 2 compartments, as concentrates, via pipe dis- 
charge, to a concentrates box and thence to (67) ; discharge of the last 2 com- 
partments, as mifldlings, via conveyor and bin, to (10); the first hutch prochict, 
ia spiral pump **B'* (making IS revolutions per minute and having a 14-jiich 
row), to (64); the last 3 hutch produr ts, via spiral pump *' A/' to (65); and 
tailings, via tailings launder, to waste. 

16. Three 5-foot Huntington mills making 90 revolutions per minute and 
ving a combined capacity of from (K) to 100 tons per 24 hours when crushing 
i*oue:h a diagonal-slot, punched-steel plate having 30 meshes to the inch. 

Vom^(15), (18), (20), (22), (24), (30), (35), (36), (37), (39), (m. and feed 
ater from (431; deliver pulp to (51). 

17. Trommel, 3 X 5 feet, having S-millimeter round holes, a slope of 12°, 
d making 16 revolutions per minute. From (14); delivers oversize to (18) 
d undersize to (19K 

18. One 4-compartnK'nt crardv-arm, rpiick-return, Harz jig with sieves of 
[4-mesh, 22 brass-wire cloth. Thr plungers make 100 l-inch strokes per minute. 
'rom (17), (28), and wash water from (65), fed with 10 to 8-millimeter stuff; 

'livers discharge of the first 3 compartments, via pipe discharge, to a con> 
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ivntrutes box urid thence to (67) ; discharge of the fourth compartment, as mid- 
d]ing;>, via conveyor and bin, to (16); the first hutch product^ via spiral pump 
" B," to (64); the last li hutoh products, via spiral pump ** A/' to (65) ; and tail- 
ingi^, via tailinj^ launder, to waste- 

19. Tronimel, 2.5 X 5 feet, having 6-miHimcter round holeSj a slope of 1D°, 
and making 20 revolutions per minute. From (17); delivers oversize to (20) 
and undersize to (21). 

20. One 4-eompurtment crank-arm^ qiack-rrturn, Ilarz jig: with sieves of 
14-mesh, 22 bra.ss-wirc cloth. The pluiigei-s make UO 0,S75-infh strokes per 
minute. From (19), fed with S to 6-millimeter stuff * deliveri^ discharge of the 
first 3 compartments, as concentrates, via pipe discharge, to a concentrates 
box and thence to (67); discharge of the fourth compartment, as middlings, 
via conveyor and bin, to (16) j the first hutch product, via spiral pump "B,'* 
to (64); the last 3 hutch products, via spiral pump **A," to (65); and tailijigs, 
via tailings launder, to waste. 

21. Trommel J 2,5 X 5 feet, having 4-millimeter round holes, a slope of 10^, 
and making 20 revolutions per minute. From (19); delivers oversize to (22) 
and uncJersizL* to (215), 

22. One 4-compartment crank-arm, quick-return, Harz jig with sieves of 16- 
mesh, 23 brass-wire cloiii. The plungei-s make 125 J-iiich strokes per minute. 
From (21) and (31), fed with 6 to 4-mtllinu*ter stuff; delivers discharge of the 
first 3 compartments, as concentrates, via pipe discharge, to a concentrators 
box ami thence to (67); <lischarge of the fourth cunipartraent, as middlings, 
via conveyor ami bin, to (16); th^ first 2 hutch products, via spiral pump *' B," 
to (64); the last 2 hutch products, via spiral pump *'A," to (tio); ami tailings, 
via tailings launder, to waste, 

23. Trommel, 2.5 X 5 feet, having 2.5-millimeter round holes, a slope of 
10^, and making 20 revolutions per minute. From (21); delivers ovei-size to 
(24) and umlersize to (33). 

24. One 4-compartment crank-arm, quick-return, Harz jig with sieves of 
16-mesh, 23 l>rass-wire cloth. The plungers make 135 0.625-inch strokes per 
minute. I'roni (23) and (32), fed witli 4 to 2.5-millimeter stuff; delivem dis- 
charge of the first 3 compartments, as concentrates, via pipe discharge, to a 
concentrates box an*l thence to (67) ; discharge of the fourth compartment, as 
middlings, via conv<^yor and bin, to (10); the fij^t 2 hutrh products, via sjural 
pump ''B/' to (tU); the last 2 hutch products, via spiral pump '*A," to (65); 
ami tailings, via tailings launder, to waste. 

25. Twelve-inch elevator, style ''B*' as made by the Jjnk Belt Company, 
with an S-ply robber belt having a speed of 3S() feet per minute, a slope of 0.5 
inch to the foot and malleable cast-iron buckets, 3 X 4 X 10 inches, set IG 
inches n[)ai1. From (13); delivers to (26). 

26. Tninmu4, 3 X 5.25 feet, having 13-millimeter round holes, a slope of 
12°, and making 16 revohjtions per minute. From (25) or (2); delivers over- 
.size to (13) and undersjzp to (27). 

27. Trommel, 3 X 4 feet, having 10-millimeter round holes, a slope of 8°^ 
and making 16 revolutions per minute. From (26); delivers ovcmize to (15) 
and undersize to (2S). 

28. Trommel, 3 X 4 feet, having 8-raillimetcr round holes, a slope of S**, 
and making 16 revolutions per minute. From (27); deh vers oversize to (IK) 
and undersize to (29), 

29. Trommel, 2.5 by 4 feel, having 5.5-millimeter round holes, a slope of 
8 d^rees, and making 16 revolutions per minute. From (28) ; delivers oversize 
to (30) and undrrsize to (31). 

30. One 1-cumpartment crank-arm, quick-return, Harz jig, with sieves of 
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14-mesh, 22 brass-wire cloth. The plungers make 130 J-inch strokes per minute. 
From (29), fed with 8 to 5.5-millimeter stuff; delivers discharge of the first 
3 compartments, as concentrates, via pipe discharge, to a concentrates box 
and thence to (67) ; discharge from the fourth compartment, as middlings, via 
conveyor and bin, to (16); the first hutch product, via spiral pump "B,'' to 
(64); the last 3 hutch products, via spiral pump "A,'' to (65); and tailings, via 
tailings launder, to waste. 

31. Trommel, 2.5 X 4 feet, having 4-millimeter round holes, a slope of 5°, 
and making 20 revolutions per minute. From (29) ; delivers oversize to (22) 
and undersize to (32). 

32. Trommel, 2.5 X 4 feet, having 2.5-millimeter round holes, a slope of 5°, 
and making 20 revolutions per minute. From (31); delivers oversize to (24) 
and undersize to (33). 

33. One partially submerged trommel, 1.5 X 3.33 feet, having a 10-mesh, 
19 brass-wire cloth screen and making 8 revolutions per minute. From (23) 
and (32); delivers oversize to (35), (36), and (42) and undersize to (34). 

34. One partially submerged trommel, 1.5 X 3.33 feet, having a 16-mesh, 
23 brass-wire cloth screen and making 8 revolutions per minute. From (33); 
delivers oversize to (37) and (38) and undersize to (42). 

35. One 5-compartment Harz-eccentric bedded sand-jig with sieves of 7- 
mesh, 18 brass-wire cloth. The plungers make 160 0.625-inch strokes per 
minute. From (33); delivers the fii*st 3 hutch products, as concentrates, via 
pipe discharge, to a concentrates box and thence, via car elevator, to (66) ; the 
hutch products of the last 2 compartments, via bin, to (16); and tailings, via 
tailings launder, to waste. 

36. One 5-compartment Harz jig with details as in (35). From (33); de- 
livers the first 3 hutch products, as concentrates, via pipe discharge, to a con- 
centrates box and thence, via car elevator, to (66) ; the hutch products of the 
last 2 compartments, via bin, to (16) ; and tailings, via tailings launder, to waste. 

37. One double 4-compartment Harz jig with sieves of 7-mesh, 18 brass-wire 
cloth. The plungers make 200 0.5-inch strokes per minute. From (34) ; de- 
livers the fii*st 3 hutch products, as concentrates, via pipe discharge, to a con- 
centrates box and thence, via car elevator, to (66); the hutch product of the 
last compartment, via bin, to (16); and tailings, via tailings launder, to waste. 

38. Table pocket-classifier with 3 spigots. From (34); delivers the first 
spigot to (39), second spigot to (40), third spigot to (41), and overflow to (42). 

39. Wilfley table making 150 strokes per minute. From (38) ; delivers con- 
centrates, via concentrates box, to (66) ; (on some ores) middlings, via bin, to 
(16); and tailings, via tailings launder, to waste. 

40. Wilfley table making 155 strokes per minute. From (38) ; delivers con- 
centrates, via concentrates box, to (66) and tailings, via tailings launder, to 
waste. 

41. Wilfley table making 160 strokes per minute. From (38); delivers con- 
centrates, via concentrates box, to (66) and tailings, via tailings launder, to 
waste. 

42. One 4-inch centrifugal sand-pump making 500 revolutions per minute. 
From (33), (34), and (38); delivers to (43). 

43. Settling tank 12 feet in diameter. From (42); delivers spigot, via 
siphon discharge, to (44) and overflow to (16). 

44. Twenty-four inch double-cone classifier. From (43) ; delivers spigot to 
(45) and overflow to (46). 

45. Two 6-foot Frue vanners with corrugated belts. From (44); deliver 
concentrates, via concentrates boxes, to (66) and tailings, via tailings launder, 
to waste. 
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46. V-shaped settling tank with 3 spigots, From (44); delivers the first 
epigot to (47), second spigot to (48), third spigot to (49), and overflow to (oO), 

47- One 6-foot Frue vaiuif^r with a smooth bolt and making 190 throws per 
minute. From (4*)); delivers eoDcentrates, via concentrates box, to (66) and 
tailingy, via tailings launiler, to waste, 

4S. One 6-foot Fioie vanner with a .smooth belt and making 185 throws per 
minute. From (46) ; delivers concentrates, via a concentrates box, to (66) - 
and tailing.*^, via tailings launder, to waste, ■ 

49. One 6-fw>t Frue vanner with a smooth belt and making 180 throws per ^ 
minute. From (46); delivei^ eoncrntrates, via a concentrates box, to (66) 
and tailings, via tailings launtier, to waste. 

50. One 6-foot Fi'ue vanner witli a smooth belt and making 180 throws per 
miTinte. From (46); delivers concpntraies^ via a concentrates box, to (66) and 
tailings, via tailings launder, to waste. 

hi. Twelve-inch elevator witli an N-ply rubber belt having a speed of 400 
feet per minute, a slope of 2 inches to the foot, and Xo. 10 gauge Salem buckets, 
5.5 X 10 inches, set 14 inclies apart. From (16); delivers to (52). 

52. Pocket claJHsifier with 3 spigots. From (51); delivers the first spigot 
to (53)» seeoml spigot to (54), tliird spigot to (55), and overflow to (56). 

53. WilHey table making 15U strokes per minute. From (52) ; <lelivers con* 
centrates, via a concentrates box, to (66) and tailings, via taiHngs launder, to 
waste. 

54. Wilfley table making 155 strokes per minute. From (52); delivers con- 
centrates, via a concentrates box, to (66) and tailings, via tailings launder, to 
waste, 

55. Wilfley table making 160 strokes per minute. From (52) ; delivers con- 
centrates, via a concentrates box, to (66) and tailings, via tailings launder, to 
wajste. 

56. Twenty -four inch doiible-cone cla^ssificr. From (52); delivers spigot 
to (57) and overflow to (58). 

57. Wilfley talile making 100 strokes per minute. From (56); delivers con- 
centrates, via a concentrates box, to (^\S) and tailings, via tailings launder, to 
waste. 

58. V-shaped settling tank witli 2 spigots. From (56); delivers the first 
spigot to (510, second spigot to (60), and ov(*rflow to (61). 

59. One 6-foot Frue vanner with a smooth belt and making 185 throw\s per 
minute. From (58); delivers concentrates, via a concentrates box, to (66) and 
tailings, via tailings launder, to waste. 

(ill. One 6-fo()t Frue vanner with details as in (59). From (58); dehvera 
concentrates, via a concentrates box, to (66) and tailings, via tailings launder, 
to waste. 

61. One 6- foot Frue vanner with details as in (59). From (58); delivers 
concentrates, via a concentrates box, to (66) and tailings, via tailings launder, 
to waste. 

62. Sample rolls, 10 X 20 inches. From (S) ; deliver, via pipe splitters, 
sarnple, weighing from 2.25 to 2,50 tons, via sample bin, to ((hi) and reject, 
weighing fniin 15.75 to 17.50 tons, to (6). 

63. Sample grinder. From (62) ; delivers, via pipe splitters, sample, weigh- 
ing 50 pounds, to sample box and assayer and reject, weighing from 4,450 to 
^,U50 pounds, to (6). 

64. Settling tank for hutch concentrates. From (15), (18), (20), (22), 
(24), and (30); delivcM-s concentrates to (66) and wash water to (15). 

65. Settling tank for hutch middlings. From (11), (12), (15), (18), (20), 
(22), (24), and (30); delivers midtllings, via bin, to (16) and wash water to (IS), 
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66. Drier made up of 4-inch steam pipes, 7 feet long, put together with 
return ells. The drier is 2 pipes high. The return ells are all in a vertical 
plane at one end so that there is a clear opening to facilitate the removal of 
dried concentrates. Steam is kept at 20 pounds pressure and the concentrates 
are dried for 24 hours. From (35), (36), (37), (39), (40), (41), (45), (47), (48), 
(49), (50), (53), (54), (55), (57), (59), (60), (61), and (64); delivers to (67). 

67. Railroad cars. From (11), (12), (15), (18), (20), (22), (24), (30), and 
(66) ; deliver to smelter. 

All the trommel screens are in two pieces, each piece being 0.5 the circum- 
ference of the trommel plus 1.5 inches which provides a 1.5-inch lap on each 
joint. The screens are held to the trommel by a 3-inch iron band at the head 
and foot and a 2-inch iron band in the middle. Each strap or hoop is made 4 
inches short with a lug on each end and is fastened together by a draw bolt. 

The spacing between the holes on the different trommels is as follows: 



Size of Holes. 


Distance, Center to Center. 


Thickness of Plate, B. G. 


20 millimeter 


1.1563 inches 


Number 6 


16 


.8750 inch 


7 


13 


.8125 " 


7 


10 


.6625 " 


8 


8 


.6000 " 


8 


6 


.4063 " 


10 


6^ 


.3760 " 


" 10 


4 


.2817 " 


" 12 


2^ 


.1875 " 


" 16 



The crude ore, from March to November inclusive, 1907, averaged as fol- 
lows: Moisture, 2.7%; lead, 4.3%; silica, 11.9%; iron, 1.7%; lime, 17.0%; 
sulphur, 4.7%; zinc, 8.5%; barite, 10.3%; and silver, 6.5 ounces per ton. 

The concentration ratio averages 6.5 to 1. For commercial reasons this mill 
tries to obtain a concentrate on the jigs which runs between 20 and 25% in 
lead, and on the tables and vanners from 15 to 20% in lead, allowing the silver, 
to run whatever it happens to in each case. 

The average middlings, re-ground in the Huntington mills for the year 1907, 
ran 3.6% in lead and 6.7 ounces in silver per ton. The average tailings, during 
the same period of time, ran as follows: 

Coarse jig-tailings 0.47% in lead, 1.77 ounces silver per ton 

Sand " " 0.58'' " 1.30 " 

Tables (main run) 0.62 *' " 1.90 " 

Middlings tables 0.61'' " 2.34 " 

The average saving for the year ending July 31, 1907 was 81.91% of the 
lead and 55.58% of the silver in the crude ore. 

Labor and Wages, 

The mill operates two 12-hour shifts per 24 hours and 7 days a week. There 
is employed on each shift: 

1 boss at $6.25 $525 

4 mill men on trommeb, devators, rolls, Huntingtons, jigs, taUes, and vanners, at $4.60 18.00 

2 millmen on coanjon (11 hours) at $3.78 7.56 

2 roustabouts ( 1 1 hours) at $S.78 7.66 

9 men ..$38.37 

On the day shift there is in addition 1 foreman at $225 per month, 1 sampler 
(11 hours) at $3.78, one carpenter (9 hours) at $4, 1 blacksmith (9 hours) at 
S3.75, and 1 machinist (9 hours) at $3.50. 
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Power and Water. 

Power is generated by Peltoii wheels which are located about one mile from 
the mill. They drive 3 molons of 110. 60, and 20 horse-power respectively. 

The 110 horse-power motor run.s the breakers, rolls, elevaton^, trammels, 
jigs, sauiplerw^ and conveyors, and 52 horse-power is consumed in this work. 
The 60 hoi'se-power motor mns the Huntington mills anil 1 elevator, anri 30 
hoi-se-power is consuuuHl in this %vork. The 20 horse-power motor runs all 
vanners, tables, and the iilimcB pump, and 20 horse-power in consumed in this 
work. 

A steam boiler furnishes heat for the drier, and the cost of fuel coal is $3 
per ton. 

The w^ater for the mill comes from the Roaring Fork River and the mine 
pumps^ via Hume, 20 X 28 inches X 4.S0 feet, and enters the mill under a head 
of 2 feet. Fifteen hundred gidlons of water per minute are used. The wash 
water used on the jigs is supplied through a L5-ineh pipe, under a 5-foot head, 
and the valve is usually wide open. Each Huntington mill requires 25 gallons 
of water per minute. 

The wasli water used on the WilMey tables varies between 3 and N gallons 
per minute antl on the Frue vanners between i and 2.125 gallons per minute. 

G. -Mills Saving only Lead Values. 

Mills 120 and 127 exemplify this class in Missouri practice. 

§ 115S. Mill No. 126. Hoffmanx Mill or the St. Joseph Lead Com- 
pany, Leai»W€)od, Missoukl^*' — This mill has a capacity of 1,200 tons per 
21 hours and is divided into 4 sections of 300 tons each.'* The economic min- 
erals are "[alena and small quantities of pyrite in a limestone gangue. The 
problem is to save the tC^dena. The ore comes from the various shafts and is 
delivered to (1) by means of the following conveyoi-s: One 30-inch st^el double- 
beade*l-ili^lit conveyor, built by the Jeffrey Mimufaeturing Company, having 
a speed of 4S fe(4 p*"r minute^and requiring 12 horse-power. One 30-ineh con- 
veyor of same design having a speed of 52 feet per minute and requiring 11 horse- 
power. One 30-inch conveyor of same design, having a speed of 23 feet per 
minute and requiring t horse-power. The plates last 6 year's. 

1. One style *' D " No. (3 Gatrs breaker having a pulley speed of 375 revolu- 
tions per minute. One style '*K'* No. i\ (Jates breaker having a pulley speed 
of 410 revohuions per minut(\ The former has a capru*ity of 1,000 tons per 24 
hours and rcfpiires 30 horse-power. The life of the various wearing parts in the 
former is as follows: Eccentric, 3 months; nuiin slnift, 16 months: manganese- 
stet*I head, 5 years; concaves, 5 years; wearing plates, 1 year; spi<ler, 2.5 years; 
hopper, 4 years; and band- wheel, IS months. From the conveyors; deliver 
crushed ore to (2). 

* 2. Two trommels, 3*5 X 12 feet, having l.o-inch round holes punched in 
manganese sheet steel, a speed of IS revolutions per minute, and requiring 2.1 
hoi'se-power. From (1); deliver oversize to (3) and undersize to (4). 

3. Two style *'D" No, 4 and one style **K*' No. 4 dates breakers having 
j>ull(\v speeds of 425 anfl 3S2 revolutions per minute, a combined capacity of 
700 tons per 24 hours, and requiring IS horse-power. The life of the various 
wearmg parts of the former is as follows: Eccentrics. 3 yeai-s; top shells, 3 years; 
wearing plates, I year; chilled -iron solid heads, 2 years; and manganese-st-eel 
mantles for heads, 3 years. In the style '* K" No. 4 crusher the top shells last 
19 months. From (2); deliver crushed ore to (4). 

4. Twenty-inch troughed-belt conveyor with a 5-ply rubber belt having a 
rubber covering 0.094 inch thick. Made by the Revere Rubber Company, 
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It has a conveying length of 90 feet, a speed of 260 feet per minute, a slope of 
22.5°, a life of 14 months, a capacity of 2,100 tons per 24 hours, and requires 
2.4 horse-power. From (2) and (3); delivers to (5). 

5. Twenty-inch flat belt conveyor with same details as to material, make, 
capacity, and life as in (4). It has a conveying length of 188 feet, a speed of 
200 feet per minute, and requires 1.5 horse-power. From (4) ; delivers to (6). 

6. Wooden mill bin, 18 X 20 X 181 feet with a capacity of 3,400 tons. 
From (5) by means of an automatic tripper. It delivers, via 8 Gates automatic 
feeders making 75 revolutions per minute, to (7). 

The mill is here divided into 4 sections, only one of which will be described. 

7. Fifteen-inch elevator with an 8-ply rubber belt having a rubber covering 
0.094 inch thick. Made by the Revere Rubber Company, '*Silverton Brand." 
It has a speed of 350 feet per minute, a life of 3 years, and malleable-iron buckets, 
5 X 6 X 14 inches, made by the Stephens- Adamson Company, set 20 inches 
apart, and having a life of 9 months. The elevator has a capacity of 500 tons 
per 24 hours, elevates the ore 54 feet, and requires 1.7 horse-power. Run dry. 
From (6) and (9); delivers to (8). 

8. Two trommels, 3.5 X 9 feet, having 9-millimeter round holes punched 
in No. 8 steel plate which has a life of 6 months. Have speeds of 18 revolutions 
per minute, slopes of 5 degrees, and require 1.3 horse-power. From (7); deliver 
oversize to (9) and undersize to (10). 

9. Gates high-grade rolls, 15 X 36 inches, run dry at 56 revolutions per 
minute and requiring 16 horse-power. The life of the babbitt is about 4 years 
and of the shells about 2.5 years, or they handle 210,800 tons of crushed ore. 
From (8); deliver crushed ore to (7). 

10. Two trommels, 3X9 feet, having 5-millimeter round holes punched 
in No. 10 steel plate which has a life of 3 months. Have speeds of 24 revolu- 
tions per minute, slopes of 3°, and require 1.3 horse-power. From (8) and 
(15); deliver oversize to (11) and undersize to (16). 

11. Round cast-iron distributor with six 2-inch discharges, no overflow, a ca- 
pacity of 150 tons per 24 hours, and a life of 2 years. From (10) ; delivers to (12). 

12. Six 2-compartment jigs with sieves, 24 X 36 inches, of 5-mesh, 5 cop- 
per-wire cloth having a life of 1 year. The plungers make 174 1.25-inch strokes 
per minute. Each handles 28 tons per 24 hours and requires 1.6 horse-power 
and 25 gallons of water per minute. From (1 1) , fed with 9 to 5-millimeter stuff ; 
deliver discharges and hutches of first compartments to (36), discharges of 
second compartments to (14), hutches of second compartments to (13), and 
tailings to (19). 

13. One 5-foot Huntington mill. From (12), (18), and (24); delivers pulp 
to (27). 

14. AUis-Chalmers, style '*B," rolls, 14 X 30 inches, run wet at 115 revolu- 
tions per minute, and requiring 5.5 horse-power. Shells last 5 years. From 
(12); deliver crushed ore to (15). 

15- Fourteen-inch elevator with a 6-.ply rubber belt, made by the Revere 
Rubber Company, ''Silverton Brand." It has a speed of 375 feet per minute, 
a life of 14 months, and malleable-iron buckets, 5 X 5 X 10 inches, set 18 inches 
apart. The elevator has a capacity of 200 tons per 24 hours, elevates the ore 
50 feet, and requires 1.7 horse-power. From (14); delivers to (10). 

16. Two trommels, 3X6 feet, having 2.5-millimeter round holes punched 
in No. 16 steel plate which has a life of 6 weeks. Have speeds of 21 revolutions 
per minute, slopes of .3®, and require 1 horse-power. From (10) ; deliver over- 
size to (17) and undersize to (22). 

17. Round cast-iron distributor with details as in (11). Made by the 
Fulton Iron Works, St. Louis, Missouri. From (16); delivers to (18). 



170S ^^^H^^^P ORE DRESSIXG. MiLL 120. I 1458^ 

18. Six 2-compartment jigs with sieves. 24 X 36 inches, of 4-raesh^ 15 copper- 
wire doth having a life of I year. The phmgers make 180 0.75-inch strokes per 
minute. Each handles 25 tons per 24 hours and nM[uin^s 1,5 horse-power and 
27 gallons of water per minute. From (17), fed with 5 to 2.5-miIlinifter stuff; 
deliver hutches of first compartments to (3G)^ discharges and hutches of second 
compartments to (13), and tailings to (19). 

19. Twelve dewatering screens with 3-millimet^r round holes punched in 
No- 12 steel plate having a life of 4 mouths. P>om (12) arid (IS); drliver to 
(20) antl water to settling pond. 

20. Twvnty-four inch troughed-belt conveyor with a 5-pIy rubber belt 
having a convrying length of 2G2 Uh^I, a speed of 300 feet per minute, a slope 
of 20^^, a cai)aciiy of SOO tons per 24 hours, and a life of 1 year. From (19); 
delivers to (21). 

2L Woollen bin for tailings, 14 X 10 X 40.8 feet, having a capacity of 
385 tons. From (20); delivers to cars. 

22. Two classifiers, K X 16 X IS inches, with 2-inch tees for clear water 
having 10 pounds pressure per s<|uare inch, and l-inch discharge spigots. From 
(16); deliver spigots to (23) and overflows to (25), 

23. Two cast-iron distributors, each with six 2-iDch discharges. From (22) 
and (2S) ; deliver spigots to (24) and no overflows. 

24. Six 2-compartnient jigs with sieves, 17 X 24 inches, of 7-mesh, IS copper- 
wire cloth having a life uf 9 months. The phmgers make 220 0.375-inch strokes 
per minute. Fach hantlles 13 tons per 24 hours and requires 0.6 horse-power 
and 30 gallons of water per minute. From (23), fed with 2.5 to 0-millinieler 
stuff; tieliver hutches to (36), discharg€\s to (13), and tailings to (42), 

25. Four **Iiilharz" Spitzlutten with 2 spigots each. From (22); deliver 
spigots to (26) antl ovitHows to (32). 

26. Four No. 5 WilMey tables making 243 throws per minute. Three tables 
on 6rst spigots and unr table on second spigots from (25). The top of the tables 
aufl thi' motions liave been in use aboal 4 years and are still in fairly good con- 
dition. Linoleum lasts about i years. P^ach table requires 0.25 horse*power 
and^ with ctjarse fred, 7 gallons of wash water and 15 gallons of feed water per 
minyte; wliile, with line* feed, 2,5 gallons of wash water and 11 gallons of feed 
water per minute are sufficient. The feetl water use<l on these tables is first 
used on the trommels as a spray, a part of which is taken away in spil»lutten 
an<l sj)itzkasten. From (25); deliver concentrates to (35), middlings to (34), 
antl tailings to (42). 

27. Centrifugal pnm[). From (13); delivers pulp to (28). 

28. One 3'Coni[)arlnH^nt Spitzkasttm. From (27); ilelivers the first spigot 
to (23), tlie last 2 spigots to (29), and the overflow to (30). 

29. \\'ilfle%' tables. Fi'om (2S); deliver concentrates to (35), middlings to 
(34), and tailings to (42). 

30. Settling tank. From (2S) ; delivers spigot to (31) and overHow to (42). 

31. Wilfley table. From (30); delivei-s concentrates to (35) and tailings 
to waste. 

32. Two 3-rnmpartment Spitzkasten. From (25) ; deliver spigots, via dis- 
tributor, to (33) and r^vcrflows to (42). 

33. Five W'illley tables making 243 throws per minute and requiring 0.25 
horse-power each. From (32); deliver concentrate*s to (35), mitldlings to (34), 
and tailings to (42). 

34. Two Wilfiey tables makitig 243 tlirows per minute. From (26) » (29), 
and (33); deliver concentrates to (35) and tailings to waste. 

35. Frenier spiral sand-pimip, 10 X r)4 inches, making IS revolutions per 
minute, and having a life of 10 years. Requires 1 horse-power to lift 100 gal- 
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lona of water and 30 pounds of concentrates per minute, 10 feet. From (26), 
(29), (31), (33), (34), and (38); delivers to (36). 

36, Jeffrey steel link-chain scraprr-conveyor, having a conveying length 
of 49 feet, a speed of 17 feet per niiiuito, a .slope of 19^, and requiring O.S hoi"«e- 
power. Conveyor parts laat about 1 year and the iron tj^uugh about 3 years. 
From (12), (18), (24), and (35); delivers concentrates to (39) and surplus water 
to (37). 

37. Settling tank. From (36) ; delivers spigot to (38) and overflow to the 
detlHng pond. 

3.S. Wilfley table. From (37) ; delivei*s concentrates to (35) and tailings to 
waste. 

39. Jeffrey steel link-<*hain eonveyor having a conveying length of 35.5 feet, 
a spee^l of 25 feet per minute, and requiring 0,6 horse-power. P>om (36); de- 
livers to (JU). 

40. Fourt.een-inch flat lx4t conveyor with a 5-ply ''(Slant Belt," made by 
the Revere Rubber Company. It has a conveying length of 65 feet, a speed of 
190 feet per minute, a slope of 20.5°, a capacity of 200 tons of concentrates per 
24 hours, and requires 0.4 horse-power. From (39); delivens to (41). 

41. Wooden concentrates-hopper having a eapaeity of 5 tons and located 
above the track for loading concentrates into the cars. From (40); delivei-s 
to cars. 

42. Sump or series of concrete tanks. From (24), (26), (29), (30), (32), and 
(33); deliver overflow's to settling pond and residue^ periodically^ to mill again. 

The mill operates three 8-hour shifts per 24 horn's and 6 days per week. 
Twenty-five men are employed per shift. 

Power and IValer. 

Steam is supplied by six 250 horsi*-power Heine safety boilers to two cross- 
compound condensing engines manufactured by the Fulton Iron Works, St. 
Louis, Missouri. The cylinders are 16 and 32 inches iu diameter and the stroke 
is 42 int^hes long. They make lOf* revulutions per minute nod drive two 300- 
kilowatt generators made by the National Electric t'ftiiipimy, Milwaukee, Wis- 
consin. These generators deliver electricity at 25tJ volts. The total null 
requires 5S horse-power. 

Water is supplied to the mill from a steel water-tank of a capacity of 27,000 
gallons which, in turn, is fed by a 12-inch Worthingtoii eeutrifugul pump, lift- 
ing water from the settling pond, The tank is also fed from a reservoir which, 
in turn, is fed by a Laidlow, Dunn, Gordon lly-wheel pumping engine having 

j^ capacity of 1,800 gallons per minute. This pump is situated on Big River 
>ut L25 miles from the mil!. Four million gallons of water are rrquire<l per 
24 hours. 

{ 1459- Mill No. 127. New Concentrating Mill tw the St, Louis 
Shelting and Rrpininc Companv, Desloge, Missni ri. — This mill has a 
capacity of 1,S(J0 tons per 24 hours. '"'^ Tlie ore is eorn posed of the eeouoinic 

puineral galena, which is disseminated through a dark magnesian limestone 
imd assays from 5.0 to 6.0% in lead. The problem is to save the lead. Ore 
from the mine is delivered to (1). 

Crushing DeparimenL 

1. Breaker bin, 28 feet long by IS feet wide by 13 feet deep, V-shaped with 
the bottoms sloping at about 45° and having a capacity of 1 IK) tons. From the 
mine; delivers, via steel hopper and worru-and-gear operated quadrant-gate, 
Up (2). 
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2, Two style " D," No. 6, Gates breakers making 165 revolutions per minute. 
Capacity 40 ton.s per hour to 2.5 inchefl. From (1); deliver crushed ore to (3) 

3* Two trommels, 8 feet loii^ by 38 inches in diameter, with L75-inrh round 
holes punched in 0.37.i-inch carbon steel. They have slopes of 2 inche^s to the 
foot, make Iti revolutions per nuruite, and the screeni^ last 6 months. From 
(2); deliver oversize to (4) and undersize to (5). 

4. Four style ** D/* No. 3, (Jates breakers making 212 revolutions per minute. 
Capufity 40 tons per hour to L25 inches. From (3); deliver crushed ore tO' 
(5). 

5. Twenty-inch belt conveyor with a 4-ply rubber belt made of 32-ounce 
duck with a 0,094-im'h rubber cover on one side which lasts f roju 12 to 18 months. 
Has a conveying kii^tli of 225 feet, an inchnation of 21°, and a speed of 300 
feet per minute. Fmiti (3) and (4); delivers to ((i), 

6. Twenty-inch belt conveyor having a conveying length of 100 feet, a 
speed of 3(M) feet per ndnute, and other details as in (5), except that it runs level 
Froai (5); delivei-s to (7). 

7. Crushed ore storage-bin, 41.5 feet long by 9 feet wide by 18.5 feet deep, 
with a flat bottom and a capacity of 6(X> Ions. From (6) ; delivers to (S) 

S. 8i.\teen-ineh belt coii%'eyor liaviiicr a conveying length of 425 feet, an 
inclination of 17°, a speed of 4(K) feet jjer minute, and other detaila as in (5), 
From (7); delivers to (VO- 

Conccniratimj Depnrtment In Four Sections, 

Ipniy One sStxiion Described.) 

9. Mill storage-bin, 24 feet long by 10 feet wide by 14 feet deep at the front 
and 7.5 feet deep at the back, witli a capacity of 100 tons. From (8); delivera 
to (10). 

10. Two 10-inch wall-type feeders making 75 revolutions per minute. Satis- 
f ac to r}^ . V ro It 1 (ii ) ; * I el i v e v t o (11), 

11. Two style *" A** Gates crusliing rolls, 15 X 31) iiichc^s, making 50 revolu- 
tions per minute. The locomotive-steel shells can handle 300 tons per 24 hour^' 
and have a life (jf 2 years. From (10) and (13); deliver crushed ore to (12). 

12. Thirteeii-inch elevator with an tS-ply belt having a speed of 300 feet 
per minute, a life of 15 months, and malleable-iron buckets. 7 X H X 12 inches, 
spaced IS inches apart, which elevate t!ie ore 4s feet and have a life of 1 year* 
From (11); delivem to (13). 

13. Two trommels, 3 X 6.07 feet, with round holes punched in No. S carbon 
steel whii'li lias a life of months. Tlie holes in flic first half are 8 and in the 
second half millimeters in diameter. The trommels have slopes of 2 inches 
to the foot and make IS revolutions per minute. From (12); deliver oversize 
to (II) and the undersiiic^ to (14). 

* 14. Two 20-inch Richards' annular classifiers, each having a eapaeity of 
250 tons per 24 houi's. From (13) and (17); deliver spigots to (15) and aver- 
liows to (22) . 

15. One 25-foot 5-compartment Hancock jig with sieve8 32.5 inches wide. 
The sieves are made up as follcnvs: 3 feet of S-mesh, No. 9 copper-wire cloth; 
S fi^et oj 5-mesh, No. 11 eopper-vvire cloth; 4 feet of 0-millimeter round-punched 
metal; and 8 feet of S-millimetcT round-punched nieiah The sieve cloth lasts 
from 4 to 5 months. The plungers make 2U0 0,75-iii( h strokes per minute and 
the jig has a capacity of 6(X) Inns per 24 hours. From (14); delivei's the first 
thrive hutches to (44)', the fourtli hutch to (10), the fifth hutch to (20), and this' 
tailings to (IS). 

10. One Gates style *" A'* crushi^- " 15 X 2G inc!i(*s, Tuaking ICK) revoh 
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tions p^er minute. From (15); deliver rmyhed ore to (17), via a 2.5-iiich cen- 
trifugal pump driven by a 20 horse-power motor at 1,125 revolutions per minute, 
and having cliilled t-ast-iron liners and runners which la,st 8 weeky, 

17. Shme.s-extracting tank/2.5 X 2.5 X 6 feet. From (10) ; deU vol's spigots 
to (14) and overflow to (33) and (41). 

18. One 25-foot 5-cynipartment Hancock jig with details as in (15), Serves 
two sections. From (15); deiivers one-half of all the hutch products to (19) 
ftad one-half the tailings to (32). 

19. One G-foot Huntington mill making 65 revolutions per minute. Ca- 
pacity 100 tons per 24 hours through a No, 10 diagonal-slotted srreen which lasts 
10 days. The roller tires and ring dies are of locomotive steel. Holler tires Jasi 
2 years and ring dies last 3 years. From (IS) autl (43); ilcliveis pulp to (35). 

20. One 6-foot Huntington mill with details as in (19), From (15) aod 
(43); delivei^ pulp to (21). 

21. Eleven-inch elevator with a 7-ply belt having a h'fe of 15 months; a 
speed of 300 feet per minute; and malleable-in>n buckets, X 10 inches, sjiaccd 
16 inches apart, which elevate the ore 45.5 feet and have a life of 12 munths. 
From (20) and (29); delivers to (22). 

22. Slimes-extracring tank, 2,5 X 2.5 X 6 feet. From (11) and (21); de- 
livers spigot to (24) and overflow to (23). 

23. Two slime.s-extracting tanks, 2.5 X 2.5 X feet. From (22); tleliver 
spigots to (24) and overflows tt> (33). 

24. Richarils' 3-spigot vortex ehissifier with a 30-foot head of water and 
the eoeks one-half open. From (22) and (23); delivers the hnst s|iigot to (25), 
tlie second spigot to (26), tlie third spigot to (27), and the oveillow to (33). 

25. Four right-hand Overstroni tables, 5 X 11 feet, making 238 0.75-inch 
strokes per minute, each handling 15 tons per 24 hours, and the linoleum tops 
and riffle.s lasting from 2 to 4 years. From (24); deliver concentrates to (44)^ 
middUngs to (31), and tailings to (2S). 

26. Three rigl»t-hand Overstrom tables, 6 X 14 feet, with other details as 
in (25). From (21); deUver concentrates to (44). middlings to (31), and tail- 
ings to (30). 

27. Two right-hand Ovei^trom tables with details as in (26). I^nm (24); 
deliver concentrates to (44), middlings to (31), and tailings to (31). 

2S. Two slimes-4'Xtracting tanks, 1.67 X 1.67 X 4 feet. " From (25); deliver 
spigots to (29) and overflows to (32). 

29. Four right-hand Overetrom tables, 5X11 feet, making 23S 1-inch 
strokes per minute, each handling 25 tons per 24 hours, anri the Htioleum tups 
and riffles lasting from 2 to 4 years. From (2S) ; deliver concentrates to (44), 
middlings to (21), and tailings to (32). 

30. Slimes-extracting tank, 1.67X1.67X4 feet. From (26); deliver 
spigots to (31) and overflows to (32). 

31. Five right-hand Overstrom tables with details as in (26), except tluit 
they make 246 strokes per minute. From (25). (26), (27), and (30); ileliver 
concentrates to (44), middlings to (35), and tailings to (32). 

32. Two wooden tailings-tanks with a capacity of 1,750 cubic feet each and 
flat bottoms. From (18),' (2s), (29), (30), and (31); deliver, via 5-inch iron 
stop cocks set 4 feet apart, to car and thence to tailings pile. 

33. Tliree S-foot Callow settliug-tanks nnide of No. S tank steel. From 
(17), (23), and (21): deliver spigots to (34) and overflows to reservoir. 

34. Five .\llis-Chalmers 6-foot Frue vanneis making 2S2 1,5-ineh throws 
per iinnute and having a belt speed of 6 feet per minute with a capacity of 8 
Utnti per 24 hours eaeii. Belts last from 3 to 4 years. From (33J ; deliver con- 
centrates to (45) and tailings to reservoir. 
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35. Eleven 'iorh elevator with details as in (21). pToin (19) and (31); 
delivers to (36) , 

36. S!iim'.s-t?xtracting tank, 2.5 X 2.5 X 6 f**et. From (35); delivers spigots 
to (37) and overflow to (41), 

37. Richards' 3-spigot vortex classifier with details as in (24). From (36); 
delivers the first spigot to (3S), the second spigot to (3i>), the third spigot to 
(40), ami the overflow to (41). 

3S, Three left-hand Overstrom tables with details as in (26), except that 
they make 240 strokes per rainute. From (37); deliver concentrates to (45), 
middlings to (43), and tailings to reservoir. 

39. One left-hand Ovi-rslrom table with details as in (38). From (37); 
delivers eoneeniratea to (45), middlings to (43), and tailings to reservoir. • 

40. One left-hand Overstrom table with details as in (38). From (37); 
delivers concentrates to (45), middlings to (43), and tailmgs to reservoir. 

41. Three H4ooi Callow settling-tanks with details as in (33). From (17), 
(36), and (37); deliver spigots to (42) and overflows to reservoir. 

42. Five fHoot vanners with details as in (34), From (41); deliver concen- 
trates to (45) and tailings to reservoir. 

43. Centrifugal pump made by the Kingsford Founilr)^ and Machine Com- 
pany. Common to all four sections. It makes 1,125 revolutions per minute 
and throws 125 gallons of water per minute against a head of 35 feet. Hiis 
chilled-iron runnel's and liners which last iS weeks. From (38), (39), and (40); 
delivers to (19) and (20). 

44. Concrete settling-tank, 2.5 X 6.25 X 150 feet, with a flat bottom, for 
coam* concentrates. From (15), (25), (26), (27), (29), and (31); delivers 
drain iogs to (46) and concentrates, via cars, to smelter. 

45. Concrete Bettling-tank, 2 X 10 X 150 feet, with a flat bottom, for fine 
concentrates. From (34), (38), (39), (40), ami (42); delivers drainings to (46) 
and concentrates, via cars, to smelter. 

46. Centrifugal pump with chilled runners ami linei-s which last 8 weeka. 
From (44) and (45); delivers to (47). 

47. Mill supply-tank. From (16); delive^is to mill system. 
The combined concentrates run a!>out 70.0% in lead. The tailings from 

the Hancock jigs run about 0.3%, from the Ovei^strom tables 0.05 to 0.2%, and 
from the vanners 1.5 to 2.5% in lead. 

Labor and Wages. 
The mill is run on thre« 8-hour shifts per day and 6 days a week. In the 
whole mill 20 men are employed per shift at an average wage per man of $1.62 
per shift. 

Power and Water. 

The total power required to operate the mill is about 500 horse-power. The 
power plant is of the central-station type which furnishes pu wer for both the 
mine and the mill. Everything in the mine is elertrieaUy driven and the mill 
is operated by being direct belted to the ily-wheel on the crank shaft of the engine. 
There are six Babcock and Wilcox 250 horse-power boilers, each equipped with 
Jones underfeed stokers which are supplied from bunkers above. 

The mill engine is a 22 and 42 X 4S-inch cruss-compouod making 90 revolu- 
tions per minute, generating H.'>0 horse-power, and connected to a 250-kilowatt 
generator on the one side, and by a 50-inch X IS-foot fly-wheel to the mill on 
the otiter side. There are also two 16 ami 30 X 42-ineh cross-compound en- 
gines direct connected to two 250-kilowatt generators. Two 2-stage 2,(MI0-rubic- 
foot air-compressors, with cylinders 20 and 34 X 4S inches on the steam end, 
16.5 and 28 X 48 inches on the 
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All the engines are of Filer and Stowell make and exhaust to a Worthmgton 
central coudcuscr. 

All the generators are of General Electric make and generate a 500- volt 
direr t current. 

Two Gould storage batteries, each of 250 cells having 17 10.5 X 10.5-inch 
;>lates to regulate the heavy fluctuating load, consisting of surface and under- 
hand locomotive and hoists. 

The total water required is 4,000 gallons per minute. The water supply 
comes from shafts Nos. 1 and 2 at the mine and ainuunt-s to SUd gidlons per 
minute. This amount more than supplies the lot^sef? in milling as all the water 
from the mill is settled through reservoirs and pumped to the mill supply-tank 
by two 15 X 20-inch single-acting triplex pumps making 42 revolutions per 
minute and driven by rope transmission from the main line shaft of tlie milh 

H. Mills Saving Silver, Lead, and Zinc Values. 

Mills 12S, 129, 130, 131, 132, 133, 134, 13r), 136, 137, and 138 belong in this 
group and .show the methods of concentration in use in six dir^tricts. 

J 1400, Mill No. 12S. Aistralasian Practice in the Oincentration 
OF Silver-Lead Ures. — The following applies to the gtiural eonc^rnlnition 
of ores at Broken Hill, New South Wales, and in particular to the Bloek 10 
mineJ" 

A hillside is considered a favorable site for a mill as it allows a great deal of 
the work to be done by gravity. The mill should not, however, be placed over 
or too near the top of the lorle aB caving in very liable to occur. 

The emde ore is generally broken underground to about S X 10 inehe,^, 
t^uitable for feeding to a No. .3 Gatei^ breaker. The breaker in sonietiuK^s placed 
in or near the head house and here the first reduetion take.< place*. Often the 
bn-akers an* contained in the mill building itself, but this is not advantageouH 
if the mill in situated far from the shaft. In ease the breaker is put in tiu^ mill 
building, it, and all other crushers, should have separate foundations from 
those supporting the remainder of the null to avoi<l vibration* 

The breaker should be placed below the first storage bin so that an interrup- 
tion in the haulage system w^ould not leave the br(*aker out of ore and an acci- 
dent to the breaker would not necessarily stop haulage. This bin should hold 
at least .S hours* ^supply of ore and at least one spare breakei* should be provided 
to keep the mill running in case of accidents to the other breaker. Breakers 
for breaking rhodonite should have solid brass or while-niL'tal eecen tries, as 
babbitt is too soft to stand the wear and tear incident to such work. They 
should also be dust proof and easy of access. 

Frora the breakers the ore should go to small storage bins of a few tons 
capacity, from which to be deliveretl to the n)ill storage bins at the top of the 
mill building, wiuch shoidd hohl at least 10 hours' supply. 

A good deal of the mine water could be used for steam and concentration 
and from 100 to 120 gallons per ton of ore treated would be required. 

The mill shoukl be built in sections to facilitate repairs, experitnents, etc. 
Each sertion would consist of rolls, trommels, coarse and fine jigs, ball mill, 
alime tables, Wilfiey tables, vanners, spitzkasten, elevators, and pumps. 

The following mill has a capacity of about r^TT} tons per 24 hours. It is 
•di%id»*d into 4 sections which will be described below in total. Three 8-hour 
shifts per day, seven days a week, are employed in numing the mill 
[ 1, Mill storage-bins. From two Gates No. 5 breakers via bin; deliver to 

^l£2)* Hold IG hours' supply of ore. Eighty horse-power is requirt»d for both 
B^reukers. 
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2. Four foiiicai IromnK^ls with 0.1 25-i rich round holes punched in 14-gaugc 
iron. From (1); drliver oversize to (3) and undersize to (5), Dimensions, 
6 X 2 and 3 feet. Speed 12 revolutions per minute. Supported on external 
rollers. Require 2 horse-power. 

3. Four t>>rni8h rolls, 15 X 30 inches. From (2) and (4); deliver crushed 
ore to (4). Fed with 4 feed rollers which, together with the rolls, require lU 

.horse-power. Kach set consists of one plane ndl and one flanged, into w^hirh 
the plane one tits. Have coned eent(»rs bultetl together so that shi'Ils may be 
easily removed. Speed, 15 revoluticms fier minute. Capaeity, about 145 toan 
per 2 1 hoy i-s, crushing from L5(J to 0.125 inch. Man^^anese or \'icker8-Maxim 
steel shrlls used. The latter are not as hard as manganese steel Imt have a 
longer litV. They are very hoiiiugeneous and can be turnetl down tm the out- 
side surface. From 3 to o^% of nickel in steel increased the wearing qualities 
wonderfully and made for hardness and toughness. 

4. Eight trouimefs with 2.5-millinieter round holes punched in 14-gauge irou. 
From (3); deliver oversize to (3) and undersize to (5). Dimensions, 22 X 72 
inches. Spet'd, 20 i^volutiorL^ per minute. Slope, 1 inch tu the foot. Require 
4 horse-] H) we r. 

5. Four 1ml raulic elassi fid's. From (2) and (4); deliver spigots to (6) and 
slimes in overtlow to (11). Conical irou casting 0,ti25 inch thick. Two feet 
in diameter at base and 2.5 feel deep. The npex points down and is perforated 
by two 0.625-inch holes foj' water inlet and onr hole for spigot discharge. In- 
let water so regulated that there is ahvays a slight overflow at the top of the 
classifier. 

G. Four coarse jigs. From (5) ; deliver first discharges from hoppers to 
flG), second discharges to (16), third and fourth discharges to (7), and fifth 
discharges to (17). May Brothers' patent jigs composetl of 8 working and *l 
tailings compartments arranged 5 on a side. Each working compartment 
consists of a liopju r willi a hutch and separate plunger at the top. Each hutch 
is 2.5 X 3,5 feet and has a sivvv composed of f)-nu*sh woven brass-wire, screen 
resting on rross bars of irr>n and kept in phice by ir(»n guides placed on top aiiu 
l>olted to the cross bars. Each i>lunger is 14 X 42 inches and has a claek-opea- 
iug tj.5 X 2.5 inches to give as little suction as possible. The clack is a piiie 
board with 0.ti25-inch clearaiu'e, loosely bolted to the plunger. A quick up* 
ward antl slow downward motion of the water is obtained and the agitated oi'e 
particles set tit* soniewfuit according to their specilic gravities. The clack doea 
away with nuich of tlir rlassifiratioii whirh was previously necessary. Plungers 
make ISO stJokrs pw nu\iu\t\ Tht^ jigs handle from ti to 7 tons per hour eacli 
ain! the total power required is S horse-power. 

7. Four Krupp ball mills, Frojn (li) and (I*); deliver material, crushed to 
25 to 30 uiesh, to (S). Speed, 30 revolutions ]>cr minute. Require 40 horse- 
power. 

S, Four hydraulic classifiers. From (7); deliver spigots to (9) and slimea 
in overflow to (11). Similar to (5). 

^>. Four fine jigs. From (8); deliver discharges from first hoppers and'i 
hutches to (ir»), discharges from second hutches to (IfO. discharges from third 
and fourth hutches to (7), and discharges frojn fifth hutches to (10). Sinular 
to (fi). Hutches are 24 X 40 inches. Plungers are 12 X 40 inches and make 
200 strokes pr^r minute. Each jig handh-s 1.5 tons per hour and the total power 
required is hoi'.se-[)Owej\ 

10, Zinc-nu*ddlings dump. From (1*) and 02). Saved for further treat 
meni. 

11. Four Spitzkasten. From (5) and (S) ; deliver spigots to (12) and over 
Jiows to (13). Made of plank 2 inch' Dimensions: Length at top 
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15 feet; bottom, 10 feet; breadth at top, 2.67 feet widening out to 7.08 feet at 
the end; depth, 2.08 feet at the head, sloping to 4.67 feet. 

12. Four Wilfley tables. From (11), fed with 30-mesh material; deliver 
concentrates to (16), middlings to (10), and tailings to waste. Speed 220 to 
240 strokes per minute. Capacity at 30 mesh, 1 ton per hour; and below 30 
mesh, 0.5 ton per hour per table. Power required, 3 horse-power. 

13. Four classifiers. From (11); deliver spigots to (14) and overflows to 
(15). 

14. Twenty-four Warren belt vanners and two Krupp tables. From (13); 
deliver concentrates to (16) and tailings to waste. Krupp tables similar to 
Wilfley tables. In all 15 horse-power is required. 

15. Settling tanks. From (13) ; deliver water to system and overflows to 
waste. Usually rectangular in plan and have sloping bottoms containing 
suitable discharging facilities for the settled slimes. They may be made of 
timber, iron, or masonry. 

16. Concentrates bin. From (6), (9), (12), and (14); delivers to smelter. 

17. Dump. From (6). Waste. 

Raff" wheels and elevators are used for elevating returned stuff. Raff wheels 
are 14 feet in diameter and make 15 revolutions per minute. Elevators of good 
form have buckets 5X5X7 inches bolted to a belt 8 inches wide at an interval 
of 15 inches. The driving is performed from above by cog wheels geared 3:1. 
The bucket belt passes around drums at the top and bottom ; 2 feet in diameter, 
at a speed of 250 feet per minute. A good slope for elevators is about 80®. 
The above mill would require 4 elevators or Raff wheels which would take 20 
horse-power. The mill would also require: 

5 slimes ^mps requiring 10 horse-power. 

1 watcr-circuiating pump requiring 25 

1 " " " " 10 

1 1 

Total for water and slimes distribution 46 ** 

The clear water from the settling tanks is pumped to the mill-circulating 
tanks. These are placed high enough for all mill puiposes, are generally cylin- 
drical in form, and made of iron. They deliver to the mill system again. 

It is estimated that for every ton of ore undergoing treatment, there are 
1,500 gallons of water in the mill at the same time. The loss of water is from 
100 to 120 gallons per ton of ore treated. 

The total power required is 338 hoi-se-power. 

A mill arranged as the above mill will probably give from each ton of crude 
ore: 

20% of concentrates 7% of vanner tailings 

20 " " jig tailings 45 *' zinc middlings 

7 " '* fine slimes 1 " unaccounted for. 

§ 1461. Mill No. 129. New Mill of the Broken Hill Proprietary 
Mine, Broken Hill, New South Wales, Australia. — The ores treated are 
complex but consists principally of argentiferous galena and sphalerite with 
some carbonates. The gangue is principally quartz and rhodonite.^* 

The mill has a capacity of 1,000 tons per day and is operated three 8-hour 
.shifts per day, 6 days in the week. 

(Rock House serving mill described and the old mill of equal capacity). 

Ore from the mine cars goes to (1). 

1. Four tipping cradles. From the mine cars; deliver to (2). 

2« Four grizzlies of tempered manganese steel, with 2-inch spaces between 
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the bars. From (1) ; deliver oversize to (3) and undersize to (5). The grizzlies 
have a life of about 1 year. 

3. Storage bins with a total capacity of 800 tons. From (2) ; deliver to 

4. Five No. 5 Gates breakers, having openings of 10 X 30 inches in the 
spider and set to break to 2 inches. The cast-iron cones of the breakers are 
covered with a removable mantle of toughened steel, and the mortar shell is 
lined with manganese steel. The life of the mantles is 1,350 hours and that of 
the liners 2,700 hours. With liners and mantles both of the same material, 
the surfaces would wear too smooth and the ore would not be gripped properly. 
Many combinations were tried, but the materials as above gave the most econom- 
ical results. From (3); deliver crushed ore to (5). 

5. Storage bins. From (2) and (4); deliver, via 1-ton trucks, to (6). 

6. Hydraulic lift which elevates two loaded trucks at a time. From (5) ; 
delivers alternate truck loads to the old and new mill respectively. 

New Mili. 

Ore from the trucks coming from (6) is dumped to (7). 

7. Storage bins. From (6); deliver to (8). 

8. Three roll-feeders assisted by water jets. From (7) ; deliver, via chutes, 
to (9). As the ore passes through these chutes a man takes a scoop sample 
every hour. The total weight taken during an 8-hour shift is approximately 
700 pounds. This sample goes to the sample mill where it is crushed down and 
subdivided until a portion is obtained not too large for the assay office. 

9. Three sets of rolls, 15 inches wide, 36 inches in diameter, set 0.375 to 0.5 
inch apart, and making 37 revolutions per minute. The roll shells are of tough- 
ened steel 4.125 inches thick and have a life of about 3,000 hours. From (S); 
deliver crushed ore to (10). 

10. Three shaking screens with holes 0.09375 inch in diameter. From (9); 
deliver oversize to (11) and undersize to (25). 

11. Balata belt conveyor. From (10); delivers to (12). 

12. Elevator. From (11); delivers to (13). 

13. Bins. From (12); deliver, via automatic feeders, to (14). 

14. Three sets of rolls with same details as (9), but set 0.125 to 0.1875 inch 
apart and making 45 revolutions per minute. From (13) ; deliver crushed ore 
to (15). 

15. Three shaking screens with holes 0.09375 inch in diameter. From (14); 
deliver oversize to (16) and undersize to (25). 

16. Balata belt conveyor. From (15); delivers to (17). 

17. Elevator. From (16); delivers to (18). 

18. Bins. From (17); deliver, via automatic feeders, to (19). 

19. Two sets of rolls with details same as (9) and (14), but set 0.0625 inch 
apart, and making 78 revolutions per minute. From (18); deliver crushed ore 
to (20). 

20. Two shaking screens with holes 0.09375 inch in diameter. From (19); 
deliver oversize to (21) and undersize to (25). 

21. Balata belt conveyor. From (20); delivers to (22). 

22. Elevator. From (21); delivers to (23). 

23. Bin. From (22); delivers, via automatic feeder, to (24)., 

24. No. 5 Krupp ball mill crushing wet through screens with holes 0.09375 
inch in diameter. From (23); delivers to (25). 

25. Cone classifier. From (10), (15), (20), and (24); delivers spigot to (26) 
and overflow to (36). 
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26. Fivc*-coniparMneiit May plunger jig. From (25) ; delivers first two hutch 
products, H8saying about (><)% in Iriul, to (27) ; the third and fourth luiteh 
procJurts, assaying about 10% in lead, l'J% in zine, and 10 ounces in sUver per 
ton, t^ (20); and the produets from the fifth compartment^ as tailings, assaying 
about 3 or 4% in lead, to (28). 

^ 27. Lead-eoncentrates bin. From (26) ; delivers, via cars, to smelter at Port 
Pine. 

28. Shaking screc^n with 40 meshes to the inch* From (2<j) ; dcUvers over- 
«iatc, via trucks, to tailings dump, and underside to the zinc plant. 

29. Xo, 4 Krupp ball mill with screens having slots 0.0;il25 inch wide. 
From (2(i); delivers pulp to (30). 

30. Bucket elevator. From (20) and (34); delivers to (31). 

31- Cone classifier. From (30); delivi_'f>* spigot to (32) and overflow to (36). 

32. Five-compartment May plunger jigs. From (31); deliver first two 
huteh products, a^^saying 40% m lead, 13% in zinc, and 22 ounces in silver 
per ton, to (33); third and fourth hutfh products, a*ssaying about 9% in lead, 
18% in xinc, ami 10 ounces in silver p*^r ton, to (34); and products from the 
fifth eompartments, as tailings, assaying 5.5% in lead, 18% in zinc, and 8 
ounces in silver per ton, to (35). 

33. U'ad-concentrates bins. From (32); deliver, via cars, to smelter at' 
Port Pirie. 

34. No. 4 Krupp ball mill with screens having slots 0.0222 inch wide. From 
(32); *lelive!^ pulp to (30). 

35. Shaking screen with 40 meshes to the inch. From (32) ; delivers over- 
side, via trucks, to tailings dump and undersize to the zinc plant. 

36. Spitxkasten with 5 spigots each. From (25) and (31); deliver first 
fipigot;9 to (37), second, third, fourth, and fifth spigots to (39), and overflows 
to (43), 

37. Wilfley tables. From (36); deliver concentrates to (42), middlings to 
(38), tailings to the zinc plnnt^ and slimy headwaters to (43). 

3N, Wiltlry tables. From (37) Hmr(3S); deliver concentrates to (42), 
middlings to (3S), tailitjgs 1o the zinc plant, and slimy headwaters to (43). 

3U. Luhrig vaimers. I'rom (36); deliver concentrates to (42), middlings 
to (40), tailings to the zinc plant, and slimes to (43). 

40. Cone citissifier. From (39); delivers spigot to (41) and overflow to 
(43). 

41. Luhrig vanners. From (40); deliver concentrates to (42) and tailings 
to the ijinc plant, 

42. Fin(» lead-concentrates bins. From (37), (38), (39), and (41); deliver, 
via cars, to smelter. 

43. Iron settling-tanks. From (30), (37), (3S). (39), (40), and slimes from 
old concentrating mill; deliver settled slimes to (44) and water to waste. About 
1,500 tons of slimes, or 12% of the total ore treated in both mills, are handled 
per week. 

44. Slimes dr>nng floors alongside the railroad. From (43); deliver dried 
jplimes, via ears, to (45). The slimes, in a .semi-ftuid condition, are runout 
'^ ipon the ground in a layer from 9 to 12 inches thi<*k ancl allow(»d to dry for 
a couple of days. Then, whiK' still plastic, they are cut in blocks 4 to 6 inches 
across with spades. Thase blocks are allowed to dr^^ for 4 to 6 days more, 
according to the weather, when they are shipped, as above. 

45. Sintering Works about 5 nulos out of Broken Hill. From (44); deliver 
sintered and roasted slimes to the smelters. The blocks of dried slimes are built 
ifilo heaps with air channels at the bottom. The sides of the heaps are plas- 
tertHl over with wet fine slimes, an opening being left at the top for fumes to 
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escape through. A small wood fire is then kindled at the entrance to the air 
channels and kept burning for a day or two. At the end of this time the heaps 
are hurning well and are red-hot inside. After 10 or 15 days the heaps^are 
considereil burnt and are broken up af^ soon as cool enough to be handled. The 
glinie.H before burning ais^say about \7% in lead, 17.5 ounces in silver per too, 
16% in zint', and 12.5% in sulphur. After burning the sinter assays about 
14.5% in lead, 15.8 ounces in silver per ton^ 12.5%, in zinc, and 7.1% in sulphur. 
The loss ill metal is considerable, but the operation is cheap and the sintered 
lumps are hard and porous, and almost an ideal smelting product. 
The recovery of lead is as follows; 

In tbe hm }ip — *....* .47,5 («rcent. 

In the second jig» ......13.5 

On ihc Wiiacy tables ,.,., S.J5 ** 

Od tbr Lahrig vannen ^. ••..*. 3.15 ** 

ToUil recovery 67.30 " 

iiantity of ore handled per hour: 

Ftr*t jiK^^ <'cacti) , , . , 5.75 lom. 

ScoitiTl jiif^ irach) •..««.«..»*• *m. 275 '* 

Wiltli-y tdllrs (each) *,«,.^,,. ,,....*.., * 0,75 " 

Lubrig viuinei^ (endi) .......»..,..,,.,,,..,,..,,,...,... . .0.107 " 

Asm if oj Prodmia, 

Lead cnncrntnites ftvtnge , ,55 pefrent m Ph., 10 percent in Zs. jtad 26 aiuic«ft tn ailrct per I 

Coarse tafling* " 4 12 5 » 

Fiof tailings " .5 17 *' 8 " " " « 

Slimes " 17 " ** *• 16 " " " " 17.6 •' " " *• 



The coarse tailings which amount to about 3,5(X) tons per week, w^hile they 
go to the dumps, are reserved for future grinding and treatment to recover 
their /aiw cfuUenl. 

The lead concentrates amount to about 2,200 tons per week. 




Zinc Plant Using the Dclpral Flotation Process. 

The fine tailings from (28), (35), (37), (38). (39), and (41) are delive: 
via S-ton trucks over an elevated railroad, to (46). 

46. Storage bins. From trucks; deliver, via automatic feeders, i^o (47), 

47. Six pyramidal wooden tlotation-vats. From (46) and (54), and sola* 
tion from (5H} ; deliver overflows of concentrates, via launder, to (51) and spigot 
discharges to (4S), Each vat treats from 10 to 12 tons of material per hour. 

4S. Collecting box. From (47); delivers to (49). 

49. V'trooghed rubber conveying-belt running up hill. From (48) ; delivers 
solution, at lower end, to (55) and solids, at upper end, to (50). 

50. Belt conveyor. From (49); delivers the waste to an open cut, from 
which the material goes, via various waste chutes, back into the mine where it 
is used for filling. 

51. Six wooden tanks of about 50 tons capacity each. From (47); deliver 
concentrates, after they have been drained and washed free from chemicals, 
to railway cars, and thence to smelter. Overflows go to (52) and drainijagsto 
(53). 

52. Tntermediiite solution-tank. From (51); delivers, via air lift and a re- 
turn-solution launder, to (54). 

53. Settling tank. From (51) and (56); delivers solution^ via air lift and 
return-solution launder^ to (51). 

5*4. Spitz kasten. From (52) ; delivers overflow^ to (57) and spigot to (47). 
Settling tank. From (49); delivers sokition to (56). 
Settling tank. From (55); delivers solution to (53). 
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.57. Settling tank. From (54); delivers solution, via air lift, to (58). 

58. Stock-solution tank. From (57); delivers to (47). 

The liquor u^ed in the vats i.^ a .solution of NaHSO|, The most advantageous 
tempeniture is about ISO"^ Fahrenheit, and steam at 500° Fahrenheit is intro- 
dueed into the solution vat.^ to keep the temperature as near this point as possi- 
ble. All vats, laundei-s, etc., are lined with sheet lead. 

For a full description of the Delprat process see Ore Dressing, page 
1561. 

§ 1162. Mill No. 130, Minerals Separation Process as Practised by 

THE StU.PHlDE COKrORATION, LIMITED, CENTRAL MlNE, BROKEN HiLL, NeW 

StMTH Wales, Australia.**' — Tlie t-apueity of this plant is from 4.fX)Oto 
4,100 tons per week of G day.s, and it is desij2:ned to extract in one continuous 
autdmalic operatitrti the bulk of the silver-bearing galena and the sphalerite 
from the j^angue which is composed of about equal portions of quartz and 
rhodonite with a little ealeite. The rhodonite changes to rhodochrosito in the 
lower levels. The ore therefore belongs to the intermetliate class, being harder 
lo tn^at than the quartz-ealcite ores anrl less refractory than the ores of the 
British-Junction North group. The mill is one of the most complete in the 
district and represents the only attempted and succe.ssful method of extracting 
both lead and zinc values in one continuous process. There is no intermedi- 
ate handling of the product and there is no separation of santis and slimes. The 
line re<"0very process works as well in the presence of slimes as it does on clean 
sands: in fact, it appears to work somewhat better when a certain percentage 
of 2ilimes is present. The mill was built in 1907." 

Ore eomes from the mine in cars and is delivered to (I). 

Rock House. 

1. Weigh-bridge. From the mine; delivers to (2). 

2. Grizzly with 1.5-ineh spares between the bars. From (1); delivers over- 
fli«e to (3) and undersize to (5). 

3. Crude*ore bin. From (2); delivers to (4). 

4. Two Hadtield size S gj'ratoiy breakers. In capacity they are equivalent 
to a Gates No. 6 and in this case each is capable of breaking bO tons per hour 
from 12 to 1.5-inch cubes. Both are drix'en by a 100 horse-power motor which, 
as a rule, does not register more than 50 horse-power. One is run and one held 
in reserve. From (3); deliver ore crushed to L5 inches to (a). 

5* Storage bin. From (2) and (4); delivers to (6). 
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Tramway, 

0, Bleichert aerial tramway, 1,575 feet long with a rise of 41 feet in the direc- 
tion of the traffic. The buckets, which hold 1,5(M) pounds each, are autonuitically 
jripped, released, and flumped. The ropeway has a capacity of IK) tons per hour 
And 120 buckets, spaced 100 feet apart, are moved per hour. They run at in- 
tervals of 30 seconds and at a speed of 200 feet per miiuite. The rarr>ang 
ropes for the loaded cars are l,tv25 inches in diameter with surface wires locked 
so as to afford a smooth traveling surface and prevent a broken strand pro- 
jecting. The rope has a breaking strain of GO tons per stjoare inch. The rope 
for the empties is similar in con.struction, but oidy 1 in<'h in diameter. 

The traction rope is t\AW> inch in diameter and has a breaking strain of 115j 
tons per square inch. This rope is endless and in continuous motion, nmningi 
below and parallel to the main carr> ing ropes. The whole system, when under 
full load, requires about 12 horse-power which is supplied by a motor. From 
(5); delivers to (7). 
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Galena Extraction Plant. 

The galena concentrating mill is divided into 4 sections which may be 
worked independently of each other. Only one section will be described. 

7. Mill ore storage bin of 320 tons capacity. From (6) ; delivers, via auto- 
matic feed roller, to (8). 

8. Bucket elevator. From (7) ; delivers to (9). 

9. Coarse rolls, 15 X 30 inches, set about 0.5 inch apart. The flanged roll 
makes 15.5, and the plain roll 14 revolutions per minute. The tires are of 
toughened cast steel and have a life varying up to 290 working days. A choke 
feed is employed. From (8) and (12); deliver crushed ore to (10). 

10. Shaking screen with 0. 125-inch round holes punched in steel plate. From 
(9); delivers oversize to (11) and undersize to (13). 

11. Fine rolls, 15 X 30 inches, set face to face for friction drive and making 
2S revolutions per minute. Other details as in (9). From (10) ; deliver crushed 
ore to (12). 

12. Bucket elevator. From (11); delivers to (9). 

13. Two slimes classifiers. From (10); deliver spigots to (14) and over- 
flows to (18). 

14. One double 4-compartment May Brothers' jig with a total capacity 
of about 1,000 tons per week of six days. From (13) and (14); delivers the 
first two hutch products, as galena concentrates, to (27) ; the third hutch prod- 
ucts, as middlings, to (14); the fourth hutch products, as tailings, to (15); and 
the overflow water to (32). 

15. Two central-feed positive 8-foot grinding pans making 30 revolutions 
per minute. A free discharge is maintained at the periphery of the pan so 
the sands only pass under the muUer once and through the pan. From (14) ; 
deliver pulp to (10). 

16. Spitzkaston. From (15); delivers spigot to (17) and overflow to (18). 

17. One central-feed positive 8-foot grinding pan with details as in (15), 
except that this pan discharges by overflow. Receives from (16) about 52% 
of the feed to (15) and delivers pulp to (18). 

The (^flic'ien( y of (15) and (17) will be seen from the following sizing test: 





Percent on 
2 Millimeters. 


Percent on 
1 Millimeter. 


Percent on 
0.5 millimeter. 


Percent on 
130 mesh. 


Percent through 
130 mesh. 


Tie tuilinEs 


21.8 
0.8 
0.0 


40.3 
6.3 
0.0 


21.9 
34.6 
5.5 


16.1 
42.5 
69.7 


08 


Discharge of positive pans (15) . . 
Dischiirgc final pan (17) 


16.7 
34.7 



IS. Sump which serves two sections. From (13), (16), and (17); delivers 
to (10). 

19. Two 5-inch centrifugal pumps which serve two sections. From (18): 
deliver pulp to (20). 

20. Three V-shaped settling boxes. Common to two sections. From (19) 
and (21); deliver spigots to (21) and overflows to (22). 

21. Five Card tables. From (20); deliver galena concentrates to (28), 
middlings to (23), tailings to (24), and headwaters to (20). 

22. Pulp thickener with 4 spigots. From (20) and (33) ; delivers spigots to 
(25) and overflow to (29). 

23. One Wilfley table. From (21); delivers galena concentrates to (28) 
and the tailings to (24) . 

24. One 36-inch conveying and draining belt, of cocoa-nut fiber matting, 
with a scraper under the belt and near the discharge end to keep the pulley 
free from slimes. The belt is of 6-ply mbber with a conveying length of 112 
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feet and a speed of 30 feet per minute. Driven by worm and gear. Common 
to two sections. From (21), (23), and (26); delivers drainings to (29) and 
residue to (31). 

25. Two elevators. From (22) and (26) ; deliver, via two distributing boxes, 
to (26). 

26. Four double-belt Krupp vanners. From (25); deliver galena concen- 
trates to (28), middlings to (25), and tailings to (24). 

27. Three coarse-galena loading bins with filter bottoms. From (14); de- 
liver concentrates, via railroad cars, to smelter and drainings to (32). 

28. Four iron fine-galena loading bins. From (21), (23), and (26); deliver 
concentrates, via railroad cars, to smelter and drainings to (32). 

29. Eight 16-foot circular wooden vats with peripheral overflows and filter 
bottoms of coir matting. Serve all four sections and worked in series to secure 
the minimum of solids m suspension in the final filtrates. From (22) and (24) ; 
deliver settlings, via 8 cylindrical discharge gates, to (30), overflow arid filtrates 
to (32). 

30. One 24-inch belt conveyor with a conveying length of 264 feet. Com- 
mon to four sections. From (29); delivers, in two equal quantities, to (31). 

31. Two 18-inch belt conveyors of 5-ply rubber belting having conveying 
lengths of 116 feet, speeds of 130 feet per minute, and inclinations of 21®. Com- 
mon to four sections. From (24) and (30) ; deliver to (36) . 

32. Two 8-inch centrifugal pumps, each having a capacity of 90,000 gallons 
per hour. Together they return about 120,000 gallons per hour. Common to 
four sections. From (14), (27), (28), (29), (44), and all drainage water from 
both mills; deliver to (33). 

33. Two concrete storage-tanks with a total capacity of 350,000 gallons. 
Common to four sections. From (32); deliver settled slimes, periodically, to 
(22) and clarified water to (34). 

34. Two pumps-. One a Worthington turbine and the other an auxiliary 
volute. Common to four sections and together they have a capacity of 2,500 
gallons of water per minute. From (33); deliver to (35). 

35. One overhead V-shaped water-supply tank. Common to four sections. 
From (34) ; delivers to jigs, tables, and the whole mill system. 

The bins, rolls, jigs, and grinding pans are located on one side of a single 
railroad line. The Card tables and Krupp vanners are located on the other 
side of the railroad, so all the concentrates are loaded directly into the cars 
without a second handling. 
' The following table shows the approximate results: 





Tons per 
WeeT 


Ounces 
per Ton 
Silver. 


Assay. 

Percent 
Lead. 


Percent 
Zinc. 


Percent Extraction. 


Material. 


Silver. 


Lead. 


Zinc. 


Crude ore .• 


4,000 

720 

3,280 


12.5 

32.0 

8.2 


15.5 

53.0 

5.1 


19.0 
10.0 
20.4 








Galena coocentrates 


46.1 
63.9 


73.2 
26.8 


9.5 


Feed to (3«) 


90.5 







The feed to (36) contains 18% of water and gives the following sizing test: 
On 0.5 millimeter, 3.4%; through 0.5 millimeter and on 80 mesh, 65.5%; through 
80 and on 130 mesh, 6.9%; through 130 and on 160 mesh, 6.9%; through 160 
mesh, 17.3%. 

Sphalerite Extraction Plant. 

Flotation process of the Minerals Separation Company, Limited. 

This department is divided into two sections, one of which will be described. 



36. Teed bin. From (31); delivers to (37). 

37. Twelve mixing vats arranged in six rows of two each. The first row 

recrivps sulplmrir acid ii^ym (53). acid liquor from (56), water from (5S), and 
ore fronj t3lj). Steam pipes, in all the mixern, raise and hold the temperature 
of the s^okition to about 120° Fahrenheit. The first row of tanks delivers lo 
the second row, wliich also receives about 1 pound of olcine from (52) per Ion 
of ore tJfated, and acid liquor from (56). Between 10 and 15 pounds of sul- 
phuric acid are consumed per ton of ore treated, and the ratio of ore to solution, 
al thin point, is i\» 3 is to 10. The second row delivers to the tliird and so on to 
the sixth, which delivei*8 to (38). 

The zincy slimes are fed continuously with the grainy residues into (37) 
by means of suituble plows. This roguhir introduction of fine .slimes with the 
feed is an important factor in the succes^s of tlie proces^s, and enables the w*hoU' ^ 
of the residues from the lead mill to be profitably treated in one continuous ■ 
operation. The feed, in passing vats (37), is thoroughly aeratetl by special ■ 
agitation and brought into inlinuite contact with the circuit fiquor, to wdiich 
oil and acid is added in the vats as required. The effect of aeration under 
suitable conditions in (37) is manifested by granulalion of the m<4allic sulphides, 
so tiiat when the granulated pulp passes from (37) into (38) flutati<m of tlic sul- 
phides is at ofU'C efTected, while the gangue sinks and is drawn off at the bottom 
of the spitzkasten (38). The sulphides form a scum on the surface of the liquor 
and are recovered from the overflow. 

38. One flotation spitzkastcn, 5 X 5 X 5 feet» with a baffle plate which 
extends IS inches Ix'low the surface of the pulp. The underflow is less than the 
inflow anil the excess solution Hows over the lip at the front of the spitzkasten. 
From (37); delivers overflow of sphalerite concentrates to (41) and spigot to 
(31f). 

31). One flotation spitzkasten with details as in (38). From (38); delivers 
overflow of sphalerite concentrates to (11) and spigot to (40). 

40. One flotation spitzkasten with details as in (38). From (39); delivers 
overflow of sphalerite concentrates to (41) and spigot to (45). 

4L Conveying and draining belt of cocoa-nut fiber matting. From (38), 
(39), (40), and (46); delivers drainings to (51) and residues to (12). 

42. Elevator. From (41); delivers to (43). 

43. Conveying and distributing belt. From (42); delivers to (44)* 

44. Concentrates draining anti loading floor. From (43) and (57); delivers 
sphalerite concentrates, via raibY>a»l cars, to smelter, and drainings to (32). 

45. Elevator. From (40) ; delivers to (46). 

46. One flotation spitzkasten with details as in (38). Common to both 
sections. From (45); delivers overflow of sphalerite concentrates to (41) and 
spigot to (47), 

47. Four resi<lue filtration-vats provided with filter bottoms. From (46); 
delivcT filtered residues to (48) and filtrates to (57). 

48. Conveyor belt. From (47); delivers to (40). 

49. Inclined conveyor belt or tailings stacker. From (48) ; delivers to dump. 

50. Oil-storage tank. Common to l>oth sections. F>om the market; de- 
livers, via air lift pump, to (52). 

51. Acid -storage tank. Common to both sections. From the market; 
delivers sulphuric aci<b via air lift pump, tu (53). 

52. Oil tank. From (50) and, during the winter, steam from the boilers; 
delivers to (37). 

53 . Ac i cl t a n k . F ro m (51); del i ve rs t o (3 7 ) . 

54. Sump. From (41), (57), and (58): delivers to (55). 

55. Centrifugal pump. From (54); delivers to (56). 
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56. Acid liquor tank. From (55); delivers to (37). 

57. Storage tank. From (47); delivers sediment to (44) and overflow to 

^)- . 

58. Two main water-storage tanks. Common to both mills and all sections. 

^>om the water main; deliver to (37), (54), and the boilers for feed water. 

The sphalerite concentrates run about 19.0 ounces in silver per ton, 12.0% 
n lead, and 43.0% in zinc, and represent a recovery of about 68.0% of the silver, 
50% of the lead, and 80% of the zinc in the feed to (36). 

The total recoveries from the crude ore are therefore 82.8% of the silver, 
)5.0% of the lead, and 82.0% of the zinc. The 9.5% of zinc in the lead con- 
centrates and part of the silver and lead in the zinc concentrates are not paid 
or and therefore must be deducted from the total recoveries. Nevertheless, 
jven with these deductions, the final results are highly satisfactory. 

Power, 

The machinery for the whole mill is actuated by electric motors furnished 
dth a 550-volt, 3-phase, 40-cycle current supplied from a central power 
tation, which delivers power to the lead-zinc mill, the rock breakers, aerial 
ramway, and other places. The equipment comprises five generating sets, 
jach consisting of a Bellis-Morcom compound-expansion, self-lubricating, engine 
lirect coupled with a general electric alternating-current generator. These 
engines are each of 325 indicated horse-power and run at 400 revolutions per 
ninute with steam at 150 pounds, exhausting to the atmosphere. The en- 
gine dimensions are 13 X 22 X 10 inches. In addition to the above there is 
mother Bellis-Morcum engine direct coupled to a direct-current generator. 
Phe total electrical output of the power house is 1,340 kilowatts. 

In total about 600 horse-power is required for the whole of the galena mill 
Lnd it is distributed as follows: 



wo breakers (4) 

'nc aerial tramway (0) 

c«r sections 

** elevators (8) 

" coarse rolls (9) 

" shaking screens (10) 

" finerofisdl) 

" ele\'ators (12) 

•* jigs (14) 

ight grinding pans (15) 

our •• " (17) 

wo sections including (19), (21). (23). (24). (25), (26). (30). (31), and 
(32) 



wo pumps (34) . 



Number. 



Horse- 
power of 
Motors. 

100 
25 
75 



20 
(40 

i55 



Horse- 
power. 
Furnished. 



100 

25 

300 



95 



Horse- 
power 
Consumed. 



50 
12 
276 
20 
64 
20 
40 
12 
10 
. 64 
40 



70 



Re-treatment Plant. 

In conjunction with the Minerals Separation Company, Limited,"^ the 
•ompany has erected a tailings re-treatment plant also capable of handling 
1,000 tons per week of 6 days. The arrangement of this plant is similar to 
he galena plant already described. A sizing test of the feed to the pans and 
he final product as fed to the mixers follows: 
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Crude Tailings. 
Percent. 


Feed to Mixers. 
Percent. 


On 2 millimeters 


1.5 

25.9 

14.8 

47.4 

1.5 

8.9 




" 1 miilimcter 




0.5 " 


2.0 
67.8 
8.0 
8.0 
14.2 


" 80 mesh 


130 " 


180 ** 


Through 180 " 






Totals 


100.0 


100.0 





The rc-ground ore is treated in exactly the same way as the tailings from 
the above-described galena mill. 

The recoveries in this re-treatment plant are slightly different to those 
obtained in the current tailings plant, being 76.0% of the total silver, 66.0% 
of the total lead, and 82.0% of the total zinc. The sphalerite concentrates 
assay 15.0 ounces in silver per ton, 10.8% in lead, and 45.6% in zinc. 

The suggestion has been made that the weathering of the minerals in the 
dumps probably affects the selective action of the gas bubbles in the separators, 
and that this accounts for the difference in the percentage recoveries of the 
several metals from accumulated and current tailings respectively. 

Costs, 

The grinding costs per ton are as follows: Labor, 8.27 cents; maintenance, 
10.71 cents; power, 8.76 cents; total, 27.74 cents. These costs are baeed on 
3,500 tons per week of 6 days, and as the capacity of the plant has been increased 
to 4,000 tons per week without adding extra pans, it is only reasonable to con- 
sider that these costs are in excess of present costs. 

The total costs on the re-treatment phint are about $1.46 per ton. 

§1403. Mill No. 131. The Daly-Judge Mill, Park City, Utah." — 
This mill has a capacity of about 400 tons per 24 hours.^ It is built on a hill- 
side and has four main floors; the bin floor, breaker-roll floor, jig and Hunting- 
ton floor, and two table floors. The ore consists of the economic minerals 
galena, sphalerite, and pyrite, with silver values in a gangue of limestone and 
quartzite, and runs about 10.0% in lead, 9.0% in zinc, and 7.0 ounces in silver 
per ton. The ore is trammed from the mine in cars ^^ and delivered to (1). 

1. Two ore bins with a total capacity of 450 tons, each bin being divided 
into three sections and having gates operated by rack and pinion. From mine 
cars; deliver to (2). 

2. Cars. From (1); deliver, via platform scales, to (3). 

3. Crizzly with bars, 2.5 X 0.625 inch at the top tapering to 0.5 inch at the 
bottom, and spaced 1 inch apart. From (2) ; delivers oversize to (4) and under- 
size to (5). 

4. Blake breaker, with a 9 X 15-inch jaw opening, making 225 thrusts per 
minute. The jaw plates last about 8 months. From (3); delivers crushed ore 
to (5). 

5. Plunger feeder, 6 X 16 inches. Water is introduced here. From (3) 
and (4); delivers to(6). .^ 

6. Allis-Chalmers rolls, 15 X 30 inches, making 50 revolutions per minute. 
The shells last from 6 to 8 months. From (5); deliver crushed ore to (7). 

7. Trommel, 3X6 feet, making 16 revolutions per minute, having a 3-mesh, 
10-wire cloth screen and a slope of 0.75 inch to the foot. From (6) ; delivers 
oversize to (8) and undersize to (^^ 

8. Allis-Chalmers rolls, 15 X * aking 100 revolutions per minute. 
The shells last from 4 to 5 mo 0; deliver crushed ore to (9). 
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9. Elevator with a 10-pIy belt having a 0.1 25-mch rubber friction surface, 
a speed of about 300 feet per minute, a life of 25 to 28 months, and buckets, 
5 X 8 X 16 inches, spaced 17 inches apart, and having a life of about one year. 
From (7) and (S); delivers to (10). 

10. Trommel having a 2-me8h, G-wire cloth screen and other details as in 
(7). From (9); delivers oversize to (14) and undersize to (11). 

11. Trommel having a 3-mesh, 10-wire cloth screen and otiier details as in 
(7)- From (10); delivers oversize to (14) and undersize to (12). 

12. Trommel having a 4-mesh, 12-wirc cloth screen and other details as in 
(7), From (11); delivers oversize to (15) and undersize to (13). 

13. Trommel having a 6-mesh, 15-wire cloth screen and other details as in 
(7). From (12); delivers oversize to (IG) and undei-size to (IS). 

14. One 3-compartmcnt Harz jig. The first two compaiiments have 4- 
mesh, 12-wire doth sieves and the third compartment has a S-mesh, 10-wire 
cloth sieve. The plungers make 150 0.75-inch strokes per minute. From (10) 
and (11); delivers side discharges, as concentrates, to (20) and tailings to (19). 

15. One 3-compartment Ilurz jig. The first compartment has a 4-mesh, 
12-wire cloth sieve and the last two compartments have G-mesh, 15-wire cloih 
sieves. The plungers make IGO 0.5-inch strokes per minute. From (12); de- 
livern side discharges, as concentrutcs, to (20) and tailings to (19), 

16. One 3-compartment Harz jig with sieves as in (15). The plungers make 
275 0.375-inch strokes per minute. From (13); delivers side discharges, as 
concentrates, to (20) and tailings to (25). 

17. Jwo 3-compartment Harz jigs with 6-mesh, 15-wire cloth sieves on all 
compartments. The plungers make 290 0.25-inch strokes per minute. From 
(18); dehver hutch products, as concentrates, to (20) and tailings to (21), 

18. Settling tank, 4 feet in diameter by 2.5 feet deep, with a circular hiuuder 
around the top. From (13); delivers spigot to (17) and overflow to (20). 

19. Elevator with all details as in (9) ; except as tt> the life of the belt and 
buckets. From (14), (15), and (33); delivers to (22). 

20. Concentrates bin, 3.5 feet square at the top and 4.75 feet deep at the 
center. The sides are vertical for 10 inches from the top and then taper to 

Llioot square at the bottom. From (14), (15), (15), and (17) ; delivers, via sUde 

■HAe in the bottom, to (31). 

f 21. Elevator with details as in (19). From (17) and (24); delivers to (27). 

22. Hub dewatering wheel, 3 feet in diameter. Designed by J. D. Fleming. 
Runs backwards and the sands are pushed instead of being clipped from the 
wat^r. From (19); delivers water-drained ore to (23) and water with some 
pulp to (30), 

23. Huntington storage bin. From (22) and (30); delivers to (24). 

24. Two 5-foot Huntington mills. From (23); dehver pulp through 16- 
mesh screens to (21). 

25. One 3-compartment Harz jig with 4-mesb, 12-wire cloth sieves on all 
coropartments. The plungers make 275 0.5-inch strokes pvr minute. From 
(16); delivers hutch pro*lucts, as concentrates, to (31) antl tailings to waste. 

26. Main settling tank, 48 ft*et long by 4 feet wide by 6 feet deep. The 
sides are vertical for 4 feet from the tt»p and the tank is divided into 11 com- 
partments with V-shaped bottoms. From (Is), (27), (29), ami (30) ; delivers 
spigots to (32) and overflow, via 2-inch pipe from the side, to (40). 

27. Dewatering tank, 4X4x4 feet, one side vertical for one foot from 
the top and then sloping to a width of S inehes at the bottom. From (21); 

^delivers spigot to (28) and overflow to (26). 

28. Callow screen with a 16-mesh, 20-wire cloth screen. From (27); de- 
livers oversize to (33) and undersize to (29). 
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From (2S) ; delivers 
From (22); 



21*. Callow screen with a 20-mesh, 30-wire cloth screen. 
oversiEe and undtTsize to different compartments in (26) > 

30. Trommel (chip screen) with aC-mesh, 15-wire cloth screen 
delivers oversize to (23) and undersize to (26). 

31. Main eoncfntrates bin dividctl into three compartments for galena, 
pyrite, and sphalerite concentrates respectively. From (20) » (25), (32), (33), 
(41). (42), (44), (4*5), and (47); delivers, via cars, to sampJer. 

32. Nine Wilflpy tables. From (2G) ; deliver galena concentrates to (31), 
sphalerite middlings to (35), pyrite middhngs to (34), (37), and (40)* 

33. One 3-compartmcnt Harz jig with 6-mesh, 15-wire cloth sieves on all 
compartments. From (28); delivei-s hutch products, as concentrates, to (19) 
and (31), and tailings to waste 

34. Freuier santl pump. From (32) and (45); delivers to (38). 

35. Bin for sphalerite product. From (32), (42), and (44); delivers to (3G). 

36. lievoiving classifier. From (35) ; delivers three sizes to (45)* 

37. Ceirtrifugal pump. From (32) and (45); delivers to (39). 

38. S^ntling tank, 16 feet long by 2.5 feet wide by 3 feet deep. The sides are 
vertical for 1.33 feet from the top and it has four compaitments with V-shapccI 
bottoms. From (34); delivers spigots to (42) and no ovei-How. 

3y. Trommel running partly submerged in the water of (43). From (37); 
delivers oversize to waste and underside to (43). 

40. Slinies-t?ettling tank, 32 feet long by 3.67 feet wide by 4,5 feet deep, 
with S cumpart meats. FriHii (26) ; delivers spvigot to (41) and overflow to waste. 

41. One Wilfley table. From (40); delivers concentrates to (31) and tail* 
ings to waste. 

42. Three Wilfley tables. From (38); deliver concentrates to (31), (35), 
and (46) and tailings to waste. 

43. Settling tank, 14 feet long by 3.5 feet wide by 3.5 feet deep, with sid*^ 
vertical for L5 feet from the top. From (39); delivers spigots to (44 J ami no 
overflow, 

44. Three Wilfley tables. From (43); deliver concentrates to (31), (35)^ 
and (46) and tailings to waste. 

45. Three Wililey tables. From (36); deliver concentrates to (31) and 
tailings to (34) and (37). 

46. Bin, From (32), (42), and (44); delivers to (47) 

47. Two Wilfley tables. From (46); deliver concentrates to (31) and tail- 
ings to waste. 

Results per 24 hours: 



{ 



Materid. 



Crude ore , . , . . . . 

Gakna conccnlnites 

Spbaleiile ccMicrdtrates 

Tdliaii. 



Wdght in 
Tons. 



400.0 
1 70.0 to i 
i 7S.0 f 

40 JJ 

1 2Q0.Q > 



P«wo4 

Lead. 



IOjO 

S3.0 
I 2.0 ro 

0.8 



Percent 
Zinc. 



9.0 
7.0 
2S.0 j 

3^ 



Peireat 
Iron. 



21.0 
15,0 



SiJioL. 



d.O 
8.0 



Ouifcsea 
per Ti»ii. 
Silver. 



T4) 
60 



(')IIIH 

wrTno. 



am 



g 1464. Mill Nn. 132. Concentrating Milt, of The Dalv-West MtNim 
Company, Park Citv, Ftah/^* — This mill hiis a rapaeity of 5t)0 tons per 2^ 
hours.**" Tlit^ mill handk's both .sulphide and oxide oivs in a gaM|u[;ut* of limestom 
and quartzite. The eeononiie minerals are the sulphides of lead, zine, an< 
copper; tetrahedrite and some earbonatea. Some high-grade ore is shipper 
directly to the smelter from the mine. It will average to run 18.4% in lead 
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^1.9% in eoppjcr^ 9*4% in zinc, 52 ounces in silver, and 0,04 ounce in gold per 
ton. The milling ore averages to run 4*5% in lead, «5.2% in zinc, and 11.3 
ounces in silver per ton. The problem it^ to recover the lead, copper, Jiinc, 
mlver, atid gold values. A high saving of zinc is not, at pn'sent, altempted; 
but another mill is planned to save the xine values. The ore, coming in cars "** 
from the shaft, is dumped onto (1). 

1. Eight grizzlies, 7 feet long, with Lo-inch spaces between the bars. From 
the mine; deliver oversize and undt^i-siz*.; to si-parate rompartnu-nts in (2), 

2. Sixteen small ore bins, each 7 fe<"t long b}- 20 fei^t wide by 22 feet deep 
and holding nornmlly lOtJ tons. The bins, fijr one-half their width, art* flat, 
and slope at an angk* of 45'' for the other half. They are arranged in series, 
holding alteniately coarse and fine ore. Kaeh has a gate operatetl by a rack 
and pinion. From (l); deliver, via belt-driven plunger feeders, alternately 
coarse and fine ore to (3). 

3. Thirty-two inch Robins conveying and picking belt with a 5-ply belt 
run level and having a speed of 40 feet per minute, a capacity of 40 tons per 
hour, and a life of 5 or 10 years, R(*quires 5 horse-power From (2), fed alter- 
nately coarse and fine ore; delivers firet-class ore to (4), refuse to (5), and milling 
ore to (0). 

4* Bin for first-class ore, 3.5 X 4 X 4 feet, w^ith a capacity of 4 or 5 tons 
and a bottom sloping at 45^. From (3) ; delivers, via gate and mine cars, to 
smelter. 

5, Bin for refuse with details as in (4). From (3); delivers, via gate and 
mine cars, to dump. 

6. Grizzly, 4.5 feet long, with 1-inch spaces between the bars. From (3) ; 
delivers oversize to (7) and undersize to (S). 

»7. Gates No. 4 gyratorj^ breaker, breaking 600 tons per 24 hours to pass 
1-inch ring. Manganese concaves and mantles last about t> months. Re- 
quires 25 horse-power. From (0); tielivers crushed ore to (S). 

8. Eighteen-inch elevators wath a 10-ply nibbt^r belt having a speed of 320 
feet per minute, a life of 5 to 7 years, and pressed steel buckets, 7 X IC inehes, 
set 2 feet apart, elevating OOO tons 70 feet per 24 hours, and luiving a life of 3 
years. Rt^quires 6 horse-powder. From (0) and {7); delivers to (0). 

9. Richardson automatic weighing scales with a capacity of 40 tons per 
hour. From (8); deliver to (10). 

10. Bin for mill feed. 20 feet long by IS feet wide by 16 feet deep, with a 
capacity of 150 tons, and a bottom sloping at 20^. From (9); delivers, via 
belt-driven plunger feerler, to (11)* 

11. Automatic sampler. A sample is cut out from the whole stream of 
ore ever>' 15 minutes and thin amounts to about 1,500 pounds of ore per 24 
hours. From (10); delivers sample to assayer and rejects to (12). 

12. Belted coarse-crushing rolls, 14 X 36 inehes, making liO revolutions 
per minute, and crushing to 0. isr)-inch cubes with a capacity of 600 tons per 
24 hours. The Midvale steel shells are 5 inches thick and last while crushing 
80,000 tons. Require 15 horse-power. Water is introduced here. From (11); 
deliver crushed ore to (13). 

13. Cylindrical trommel, w^ith a 3-mesh, 9- wire screen, making 20 revolu- 
tions per minute. The screens lant from 1 to 3 months. From (12); delivers 
oversize to (14) and unilersize to (18). 

14. Finishing rolls, 14 X 30 inches, making 110 revolutions per minute and 
crushing to 0.323-inch cubes witli a capacity of 600 tons of ore per 24 hours. 
Thi* Midvale steel shells are 5 inches thick and last while crushing 20,000 tons 
of ore and the necessary returns. Require 15 hoi-se-power. From (13) and 
(17); deliver crushed ore to (15). ^J 
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15. Cylindrical trommel with details as In (13). From (14); delivers over- 
size to (l6) and undcrsize to (18). 

16. Ccmiral trommel with a 2-mesh, 7-wire screen and other details as in 
(13). From (15); drlivers oversize to (17) and umlersi^e to (22). 

17. Eight-inch belt elevator. From (IDj; deliver to (14). 

IS, Cyh^ndrieal trommel with a 4-mesh, 11-wire screen and other details 
as in (13). From (13) and (15) ; delivers oversize to (23) and undersize to (19). 

19. Cylindrical trommel v»ith a 6-mesh, 14-wire screen and other details 
as in (13). P>om (IS); delivt*ra oversize to (24) and undersize trO (20). 

20. Cylindrical trommel with an 8-mesh, IB-wire screen and other details 
as in (13), From (19); delivers oversize to (25) and undemize to (21), 

21. Sherman settling-tank, 2 feet in diameter by 3 feet deep. From (20); 
delivers spigot to (2G) and overflow to (36). 

22. Two 2-ct>mpartment Harz jigs with sieves, 24 X 36 inches, having 4 
meshes to the inch. The plungers make 125 1.5 to 2-inch strokes per minute. 
Each requires 4 horse-power. From (U>); deliver concentrates from side dis- 
charges ami hutches to (42) and tailings to (27), 

23. Two 2-compartment Harz jigs with sieves, 24 X 36 inches, having 6 
meshes to the inch. The plungers make ISO l-ineh strokes per minute. Each 
requires 4 horse-power. From (IS); deliver conecntrates from side discharges 
and hutches to (42) and tailings to (27). 

24. Two 2-comparlment Harz jigs with sieves, 24 X 36 inches, having 4 
meshes to the inch. The plungers make 225 0.75-iueh strokes per minute. 
Each requires 4 horse-power. From (19); deliver concentrates from hutches 
to (42) and tailings to (43). 

25. Two 2-compartraent Harz jigs with sieves, 24 X 36 inches, having 4 
meshes to the inch. The plungers make 275 0.5-inch strokes per minute. Each 
requires 4 horse-power. From (20); deliver concentrates from hutches to (42) 
and tailings to (43). 

26. Two 2-€ompartment Harz jigs with sieves, 24 X 36 inches, having 6 
meshes to the inch. The plungers make 325 0.375-inch strokes per minute. 
Each requires 4 horse-power. From (21); tleliver concentrates from hutches 
to (42) and tailings to (31), 

27. Fourteen-inch elevator with an S-ply rubber belt having a speed of 
450 feet per minute, a life of 6 months, and X 14-ineh buckets of No. 8 pressed 
steel, set 15 inches apart, elevating 600 tons of ore per 24 hours with the neces- 
sary water, 45 feet, and having a life of 6 months. Requires 6 horse-power. 
From (22) and (23); delivers to {2H). 

28. Dewatering screen with 6 meshes to the inch. From (27); delivers 
oversize to (29) and undersize to (30). 

29. Bin, 5 X S X 10 feet, with a capacity of 15 tons. From (28); deliverSp 
via plunder feeder, to (30). 

30. Three Sherman re-grinders making 90 revolutions per minute and crush* 
ing from 75 to 100 tons of ore through a 4-mesh, 9-wire screen per 24 hours with 
a consumption of 20 horse-power each. Life of Mid vale or Latrobe die rings 
and roller shells, about 20 days. The Sherman mill is an improved type of 
the Huntington. The stem to the muOer rotates in an oil bath entirely pro* 
tected from grit and dust. The stems extend above the yokes anil are con- 
nected with iun\ buckles and tension springs wiiereby the mullers are held tight 
against the die ring. This causes the mullei-s to wear smooth and round, 
From (28) and (29); deliver pulp to (31). 

31. Two Sherman separating and distributing tanks, 3 feet in diametei 
by 3 feet deep. From (26) and (30) ; deliver spigots to (32) and overflows to 
(36). 
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32. Six Wilfley tables making 240 1-inch throws per minute and requiring 
1 horse-power each. Each handles about 25 tons per 24 hours. From (31); 
deliver concentrates to (42), middlings to (33), tailings to (35), and backwater 
to (36). 

33. Three Wilfley tables with details as in (32). From (32); deliver con- 
centrates to (42), middlings to (34), tailings and backwater to (35). 

34. Two Wilfley tables with details as in (32). From (33); deliver concen- 
trates to (42), tailings and backwater to (35). 

35. Dewatering screen with 8 meshes to the inch. From (32), (33), and 
(34); delivers oversize to (57) and undersize to (51). 

36. Five Sherman classifiers, 4, 6, 8, 10, and 12 feet in diameter respec- 
tively, and all 12 feet deep, arranged like one 5-spigot classifier. Each consists 
of an outside cylinder with conical bottom. Inside of this is a steel cylinder 
whose sectional area is just one-half that of the annular space. The inside 
cylinder does not extend to the bottom of the tank. The pulp is admitted to 
the inner cylinder and passes down through a screen and up through the annu- 
lar space, overflowing to a circular launder about the tank. This discharges to 
a similar tank which has twice the area of the preceding one. From (21), (31), 
(32), (37), and (38); deliver the first three spigots to (37), the last 2 spigots to 
(38), and the overflow to (39). 

37. Three Wilfley tables with details as in (32). From (36); deliver con- 
centrates to (42), middlings and backwater to (36), and tailings to (43). 

38. Two Wilfley slimers with details as in (41). From (36); deliver con- 
centrates to (42), middlings to (36). and tailings to (43). 

39. Long settling tank. From (36); delivers spigot to (41) and overflow 
to (40). 

40. Storage water-tank. From (39) ; delivers water to mill system. 

41. Two Wilfley slimers making 220 throws per minute and requiring 0.5 
horse-power each. From (39); deliver concentrates to (42) and tailings to 
(43). 

42. Mine cars. From (22), (23), (24), (25), (26), (32), (33), (34), (37), 
(38), and (41); deliver coarse concentrates to the smelter. 

43. Tailings launder. From (24), (25), (37), (38), and (41); delivers to 
(44). 

Tailings Plant. 

44. Sherman settling-tank, 6 feet in diameter by 6 feet deep. From (43) ; 
delivers spigot to (45) and overflow to (51). 

45. Fourteen-inch elevator with details as in (27). From (44) ; delivers to 

46. Dewatering screen with 8 meshes to the inch. From (45); delivers 
oversize to (49) and undersize to (47). 

47. Sherman settling tank, 1 X 2 X 2.5 feet. From (46); delivers spigot 
to (48) and overflow to (51). 

48. One 2-compartment Harz jig with wire-cloth sieves, 24 X 36 inches, 
having 8 meshes to the inch. Requires 4 horse-power. From (47); delivers 
concentrates from hutches to (64) and tailings to (57). 

49. Bin of 50 tons capacity. From (46); delivers to (50). 

50. One 5-foot Sherman re-grinder with details as in (30), except that the 
screen has 8 meshes to the inch. From (49); delivers pulp to (51). 

51. Six Sherman classifiers, 3, 4.5, 5.5, 7.5, 10.5, and 14 feet in diameter 
and all 12 feet deep, arranged like one 6-spigot classifier. Other details as in 
(36). From (35), (44), (47), (50), (52), (53), (55), and (61); deliver the first 
3 spigots to (52), the last 3 spigots to (53), and the overflow to (54). 
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52. Three Overstrom tablet? with details as in (32). From (51); deliver 
concentrates to (64), midflling?? and backwater to (ol), and tailings to (57). 

5:1 Three Wilfiey slimens with d<'tails as in (41), From (51 J; deliver con- 
centrates to (G4), nnddlin^s and backwater to (51), and tailini^ to (57). 

54. Eighteen small 8<'ttling tanks, ii feet in tlianieter by G feet deep. From 
(51); deliver spi<i:ots to (55) an<l overilovvH to (56). 

55. (Jne WitOey slimer with details as in (41). From (54); delivers eoiicen- 
trates to (64), nitddliiigs to (51), and tailings to (57). 

56. Storage tank for table wash water. Frum (54) ; delivers overflow to 
(63). 

57. Tailings launder. From (35), (4S)^ (52), (53), and (oo); delivers to 
(58). 

58. One settling tank. From (57); delivers spigots to dump and overflow 
to (59). 

59. One settling tank. From (o^) and (62) ; delivers spigot to (60) and over- 
flow to (61). 

(>0. Dc watering screen with 80 meshes to the inch. From (59) ; delivers 
oversize to dump and underside to (62). 

61. Two settling tanks. From (59); deliver spigots to (62) and overflow's 
to (51). 

62. Fonr Wilfley slimers wnth details as in (41). From (60), (61), and 
(63); deliver eoncentrates to (64), middlings to (59), and tailings to dump. 

63. One settling tank for the finest slimes. From (56) ; delivers spigot to 
(62) and overflow as wash water for the tables. 

64. Mine cars. From (4.S), (52)^ (53), (55), and (62); deliver fine concen* 
trates to the smelter. 

The concent J at ion is about 7 to 1 and the concent nUes averat^e about 30% 
in lead, 15% in /anc, 6 to 7*/;; in iron, 14'| in silica, and 50 ounct's in silver 
jjer ton. The tailings carry about 0.2' {, in Irad (w^-t), 2% in zinc, and from 2 
to 3 ounces in silver per ton. The saving etTected is 95% of the li-ad, 50^ ^ of the 
zinc, and from 75 to S0%, of the silver. 

The method of keeping samples and a.ssays i.s unusual. Fire assays are 
made from daily .samples of the ore. A weekly sample is madi* up by weighing 
out from each daily sanjple the proportion represented by that clay in the 
w^e^ekly run. These weekly samph's are assayed by the wet method. In like 
manner a monthly and yearly sample is obtained and assayed. 

Ltibor and Wages. 

This mill, when running at full capacity, operates three 8-hour shifts per day7 
7 days a week, Tweidy men are employed per shift. Wages are $3 per shift 
with the exception of repair men who get S3.50. 

Power and Water, 

It takes about 300 horse-power to rim the plant. Steam is supplied from 
the mine boilers to a 500 hor.se-power Hamilton simple Corliss engine, 24 X 48 
inches, which furnishes all tin* power for the null as well as the necessary power 
for lighting bolh tlu^ mine and the mill. This amount of power will also pro- 
vide for future increases such as the erection of a zinc mill which it is the inten- 
tion of the company to build in tlu^ neur future. 

Water comes througli a pipe line from lakes mtuated 1.000 feet above and 
about 3 miles south of the mill. Tlie mill diseluirges no nuire water than is 
absolutely necessary to wash away tlir^ tailings. When treating ore at the rate 
of 400 tons per 24 hours it discharges only 40 gallons of water per onnute with 
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the tailings, although about 350 gallons per minute are flowing through the 
system, 

Somr of thp characteristir featurc8 of ihi»s mill are as follows: j 

1. The small amount of water used. I 

2. Tiie re-treat meiit of the tailings before sending them to the dump. 1 

3. The method of elasHifi cation. I 

4. The treutmeot of the middlings. 

g 1465. Mill No. 133. Ivanhoe Mill of the Minnesota Silver Com- 
pany, Limited, Sandon, Britlsh Columbia. — This mill wa*s bnilt in 1000 at 
a cost of S50,0<i0, and is situated on the Canadian Paeifie Railroad about 0.25. 
mile from Sandon.*^ It 18 well arrangeil, well lighted, modern in its equipment J 
and has a rapacity of about loO tons per 21 hours. It i.s operated with water^ 
power through the agency of a O-foot Pelton wheel, anil the eo.st of milling is 
about o7 crnts prr ton. A ailvcr-lrad ore has been mined since 1803 and dur- 
ing the past 4 years zinc lias also been remove<l. The pniblem is to separate 
the galena with its silver values fri>m s])halcritt% and to separate and save as 
much as possible of both, from the gangue which is probably shite and siderite. 

The ore comes from the mine, via wire rope tramway 8,400 feet long, at a 
cost of 12 cents per ton, and is delivered to (1). 

1. Tramway oi'e-bin of 200 tons capacity. From mine, via tramway; dc- 
hvers to (2). 

2. Grizzly w^ith I-inch spaces. From (1) ; dehvera oversize to (3) and under- 
size to (4). 

3. Bi*eaker, 10 X 20 inches, set to break to 1 inch. From (2); delivers 
crushed ore to (4). 

4. Robins picking belt having a conveying length of 45 feet. The ore is 
not washed, but should be. From (2) and (3); delivers clean galena to (34), 
clean sphalerite to (35), ami milling ore to (5). 

5. Mill ore-bins. From (4); deliver, via automatic feeder, to (6). 

6. Automatic sampler. From (5); delivers sample to (7) and reject to (8). 

7. Sample bin. From (6); delivers to bucking room. 

S, Coarse rolls, 14 X 30 inches, set to crush to 1 inch. From (6) ; deliver 
crushed on^ to (9). 

9. Klevator. From (S), (12), and (13); delivers to (10). 
UJ. One 2-sfTtion trommel, 3 X 7 ff^et, with H> an<l 2n-nii dimeter holes. 
From (0); dchvej^s material through U> millimetera to (lo), material on 16 and 
through 20 ndllimeters to (H), and oversize from the 20-miliimeter screen to 

11. One 3-conipartment jig. From (10), fed with 20 to Iti-millimcter 
stuff; dehvers first discharge to (32), second and third discharges to (12), the 
3 hutch products to (13), and the tailings, via launder, to <lump. 

12. Intermediate rolls, 14 X 30 inches, crushing to 0.025 inch. From (11), 
(14), (10), and (IS); deliver crushed ore to (9). 

13. High-speed fine rolls, X 42 inches. From (11). (16), (18), (20), 
(22), (24), and (25); dt^liver crushed ore to (9). 

14. One 1-conipartment roughing jig. From (10), ft'il with 25.4 to 20- 
millinjeter stutT; delivers discharge to (32), hutch and tailings products to (12). 

15. One 2-section trommel^ 3x7 feet, %vith 10-millimeter holes. From 
(10); ddivers oversize to (10) and undei'size to (17). 

10. One 4-eompartment jig. From (15), fed with 10 to lO-ndlUmeter stuff; 
delivers first discharge to (32), second and fourtli chsciiargcs to (12), third dis- 
charge to (33), four hutch i>roducts to (13), and tailings, vin launtler, to dump. 

17. One 2-si»etion tronunel, 3 X 7 feet, with 6-millimuter holes. From 
(15); delivers oversize to (18) and undei'size to (19). 



L 



1 



1732 ^^^^^K^ ORE DRESSIXG. Mill 134, J HOfl 

IK. One l-compartnii^nt jig. From {17), fiH] willi 10 to 5-miUimelcr stufif; 
tlrlivcrs first tlischartcc to (32), Hocoiid anil fourth disrharges to (12)^ third 
discharge to (33), -1 hutch products to (13), and tailings, via kundcr, to dump. 

19. One 2-aeetion troinmel, 3X7 feet, with t-millimetcr lioley. pTom 
(17); doliven^ ovei*i^ize to (20) and un<ler8ize to (21). 

20. One l-rornpartiiienl jig, From (ItJ), fed with to 4-nnllimeter stuff; 
delivei-i? firj^it and sceond disrhargos and finst huteli product to (32), third dis 
char^je to (33), fourth discharge and last 3 hutch produet.s to (13), and tailings, 
via launder, to ihimp. 

2L One 2-.seetion trommel, 3X7 feet, with 2,o millimoter holes. From 
(19); delivera ovei'size to (22) and undersize to (23). 

22. One 4-eompartm*^nt jig. From (21), fed with 4 to 2.o-millimeter ^^tuff; 
deHver!^ first disrharge and huteli product to (32), second and fourtli discharges 
and last three hutches to (13), third discharge to (33), and tailings, via launder,, 
to dump. 

23. (hie 2-spigot classifier. From (21); delivers first spigot to (24), second' 
spigot to (25), and overflow to (25). 

21. One 4-com]>artnicnt jig. FroTU (23); delivers first <liseharge and hutch 
product to (32), third discharge an<l hutch product to (33), fourth discharge 
and second and fourth hutch products to (13), and tailings, via launder, to 
dump. 

25. One 4-compartmeht jig. From (23); delivens first hutch product to 
(32), second hutch anr! fourth discharge products to (13), last two hutch prod- 
ucts to (33), ami tailings, via laumler, to dump. 

2<3- V-shaped settler with 2 spigots. From (23); delivers each spigot to 
one table in (27) anrl the overflow to (28). 

27. Two Wilflev tables. From (26); deliver concentrates to (32), middlings 
to (33) and tailings to (30). 

28. Two V'shaptMl settlers with 6 spigots. Each 70 feet long. From (26); 
deliver each spigot to one table in (29) and o%'erflows to (30). 

29. Six Wilfley tables. From (2S), (30). and (31); deliver concentrates 
to (32), middlings to (33), and tailings to (30). 

30. Settling tank. From (27), (28), and (20); delivers slimes to last table 
in (29) anrt overflow to (31). 

31. Settling tank. From (30); delivers slimes to last table in (29) and 
overflow, via launder, to waste. 

32. I^>ad-conccntrates bins. From (11), (14), (16), (18), (20), (22), (24), 
(25), (27), and (29); deliver, via raihoad cars, to smelter. 

33. Zinc-c^oncentrates bins. From (16), (18), (20), (22), (24), (25), (27), 
and (29); deliver, via railroad cai-s, to smelter. 

34. Clean coarse-galena bin. From (4); delivers, via railroad cars, to 
smelter. 

35. Clean coansc-sphalerite bin. From (4) ; delivers, via railroad cars, to 
smelter. 

J 1466. Mill No. 134. Monitor Mill of the Monitor & Aj.ix Fractiopj, 
Limited, RfisEiiKRRV. Buinsn CnLtMUiA. — This mill is situated on the 
Canadian Pacihc Rtulroa<! at Brockman, near Roseberry, on the shore of Slocan 
Lake.^ It was built in 1905 on a level site, is well constructed, and can handle 
about 100 tons per 21 hours. Treats galena-sphalerite ores from the Monitor 
mine at Three P'orks, about S mites distant, anil other concentrating ores which ■ 
are bought by the coin pan y. I 

The problem is to sp[>arate silver-bearing galena from the sphalerite and to 
separate antl save as mucli as possible of both from the gangue which is prob- 
ably slate and eiderite. 
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All the ores come from tKe mines in railroad cars and are delivered, via 
shovel aiid chute, to (1). 

L Hatlfield all-ateel Biake breaker. From cars; delivers crushed ore, with- 
out washing, tf> (2). 

2. Picking belt. From (1); delivers clean galena to (42), clean sphalerite 
to (43), and the remainder to (3). 

3. Gates breaker. From (2); delivers crushed ore to (4). 

4. Elevator. From (3); delivers to {'>), 

5* Snyder sampler. From (4); delivers sample to (6) and reject to (8). 

6. Sample grinder* From (o); delivers directly and cous^tantly to (7), 

7. Jones sampler. P>am (6); delivers sample to assay er and reject to (8). 

8. Mill ore-bin. From (.3) and (7); delivers to (9). 

9. Hadfield coarse rolls, 14 X 24 Inches. From (8); deliver crushed ore 
to (10). Operated by 2 driving pulleys, 8 X 36 inches, with a flange next to 
the roll. Belts and pulleys are too snuill for coarse crushing and incapable of 
transmitting ihi* power necessary to crush rougb ore to the foil capacity of such 
rolls, and such small wheels cannot, of course, contain the momentum that is 
required when coarse ore or nncrushed material enters the rolls. 

10. Jvievator. From (9) and (13); delivers to (11). 

11. Trommel with 12-millimetL'r holes. From (10); delivers oversize to 
(12) and undersize to (14). 

12. One 4-compariment jig. From {11); delivers 4 hutch products and the 
first and fourth discharges to (13), second and third discharges to (44), and 
tailings to dump, 

13. Hadfield fme rolls, 14 X 24 inches. From (12), (15), (17), (21), (23), 
and (25); df4iver crushed middlings to (10). Uc^tails lik(» (9). Capacity too 
small and there .should be at least two other sets for the same purpose. 

14. Trommel with S-iniUimeter holes. From (11); delivers oversize to (15) 
and undersize to (IG). 

15. One 4-compartment jig. From (14), fed with 12 to 8-millimetcr stuff; 
delivers first and second ilischarges to (44), third and fourth discharges and 4 
hutch products to (13), and tailings to tailings dump. 

10. Trommel with 3-miIlimeter holes. From (14); delivers oversize to (17) 
and undersize to (IS). 

17. One 4-compartmeni jig. From (16), fed with 8 to 4-millimeter stuff; 
delivers fire t and second discharges and first hutch product to (44); third and 
fourth discharges and second^ third, and fourth hutch products to (13); and 
tailings to tailings dump. 

18. Trommel with 2-miIliraeter holes. From (15); delivers oversize to (19) 
and undersize to (20). 

19- One 4-compartment jig. From (IS), fed with 4 to 2-raiJIimeter .stuff; 
delivers first discharge an<l the first and .spcnnd hutch products to (44), third 
discharge and the third and fourth hutch piodurts to (45). 

20. Culver classifier. From (IS); delivers spigot to (21) and overflow to 

(22). 

21. One 4-compartment jig. From (20); delivers the first and second dis- 
charges and hutch products to (t4) and the fourth discharge to (13). 

22. Cidver classifier. From (20); delivers spigot to (23) and overflow to 
(24). 

23. One 4-eompartnK^nt jig. From (22); delivers the first and second 
hutch products to (44) and the fourth discharge to (13). 

24. Culver classifier. From (22); delivers spigot to (25) and overflow to 
(26). 

25. One 4-eompartment jig. From (24); delivers the first hutch product 
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to (44), the second and fourth hutch products to (13), and the third hutch 

product to (4o). 

26. V-shaped settling tank, 60 feet long by 2 feet wide at the smaller end 
and 10 feet wide at the larger end, making sixteen products. From (24) j de- 
hVers to (27), (28), (29), (30), and (31). 

27. Four Luhrig-t}T>e tables. From (26); deliver lead concentrates to (40), 
middlings to (32), and tailings to tailings dump. 

28. Two Liihrig-type tables. From (26); deliver lead concentrates to (40), 
middlings to (33), and tailings to tailings dump. 

29. Two Liih rig-type tables» From (26); deliver lead concentrates to (40), 
mirldlings to (34), and tailings to tailings dump. 

30. One Liihrig-tj-pe table. From (26) ; delivers lead concentrates to (40) 
and tai!ings protluct to (35), 

3L One Liihrig-type table. From (26); delivers tailings product to (35). 

32. Two Liihrig-type tables. From (27); deliver leady-zinc concentrates 
(35) and zini; coneeotrates to (41). 

33. One Liihrig-type table. From (28) ; delivers leady-zinc concentrates to 
(35), zinc concentrates to (41), and tailings to tailings dump, 

34. One Liihrig-type table. From (29); delivers zinc product to (41) and 
tailings to tailings dump. 

35. Elevator. From (30), (31), (32), (33), (37), and (39); delivers to (36). 

36. Settler with 4 spigots. From (35); delivers first spigot to (37), second 
and third spigots to (38), fourth spigot to (39), and overflow to waste. 

37. One Liibrig-type table. From (36); delivers lead concentrates to (40), 
leady-zinc tonreiit rates to (35), zinc concentnites to (41), ant! tailings to tail- 
ings dump. 

3'S. Two Liihrig-type tables. From (36) ; deliver lead concentrates to (40) 
and tailings to tailings dump, 

39. One Liihrig-type table. From (36); delivers lead conrentrates to (40), 
leady-zinc concentrates to (35), zinc concentrates to (41), and tailings to tail- 
ings duuip. 

40. Elevator. From (27), (28), (29), (30), (37), (38), and (39) ; delivers to 
(44). 

41. Elevator. From (32), (33). (34), (37), and (39); delivers to (46). 

42. Clean-galena bin. From (2) : delivers, via cars, to smelter. 

43. Clean-sphalerite bin. From (2); delivers, via cars, to smelter. 

44. Ix>ad concentrator. From (12), (15), (17), (19), (21), (23), (25), and 
(40) ; delivers lead concentrates, via cars, to smelter. 

45. Zinc concentrator. From (19) and (25); delivers zinc concentrates, 
via cars, to smelter. 

46. Zinc concentrator. From (41), delivers zinc concentrates, via cars, to 
amelter. 

In connection with the mill there is a well-arranged assay office; but the 
automatic samples nuule by the Snyder sampler in the mill, ami the cutting 
down of the same, cannot be relied upon as correct, for the methods used in 
getting them are faulty. 

The Liihrig tables are new in this country and may cause a big problem for 
this mill to solve. They have neither spring, bump, nor any sort of percussion. 

Power and Water. 

The concentrating machinery is operated by a 5-foot Pel ton wheel located 
^n the screen floor, and the discharge furnishes the wash water for the jigs and 
anners. 
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A 2-foot Pelton wheel is located on thf lower vanner floor to operate a 
dynamo for lighting purposes, and also to furnish the niagDetH?xciting current 
for a magnetic separating plant which the company proposes to erect in the near 
future. 

§ 1467. Mill No. 135. The MaciNETIC Separation Plant of the Central 
Mine, Broken Hill, New Soi th Wales, Ai^stralia. — Thiw plant is handling 
the tailings from the old wet mill of the Central mine,'** The tailings contain 
approximately 7 ounces of silver per ton, 5% of lead as galena, and 19% of 
zinc, the latter as sphalerite. During 11>07, the plant treated 88,CX)0 tons of 
tailings, producing 23,(M)0 tons of concentrates which assayed about 10 ounces 
of silver per ton, s% lead, and 39^"^ zinc. The gangue is largely rhodonite with 
quartz and a little rhodochrosite. 

Ore from the dump is shoveled to (1). 

1. A horizontal belt conveyor. From the dump; delivers to (2). This 
conveyor is laid along the toe of the dump from whicli tnilings are to be taken, 
and is so constructed as to be free to turn about a pivot at the deliver}' end 
of the conveyor framework. Thus the whole frame, carrying the 200 feet of 
conveyor, is free to traverse a complete circle in aiiinnith, but for the obstruc- 
tion offered by the dump. A hopper is mounted on the conveyor frame and 
caii be placed at any rer^uired position along the conveyor. The tailings are 
shoveled directly into the hopper. When about 5 fret of the dump has been 
removed along the whf>le length of tlie conveyor, the framework is moved in 
towards the dump, turning about the delivery end as before mentioned. When 
in the required position, shoveling is resumed » or^ if necessary, the feed may 
be maintained while the position of the bell is gradually altered. 

2. Fixed inclined conveying belt. From (1) ; delivers to (3). I 

3. Feed hopper. From (2); delivers to (4). 

4. Revolving cylindrical drier, 35 feet long^ 4 feet in diameter, and set at 
an angle of (j.o^. From (3) ; (U'livers hot ore to (.1) and moisture ami gases, 
via stack, to atmosphere. The drier is provided with longitudinal internal 
ribs which elevate the ore and drop the same repeatedly tlirough the heated 
air as the ore gravitates toward.s the lower end of the cylinder. At the upper 
end of the drier, where the ore enters, is the stack that carries off the furnace 
gases, laden with moisture evaporated from the ore. At the lower end of the 
drier is a fuiTiaee discharging its hot gases, through a short wrought-iron box, 
into the drier cylinder. It will be noted that the heatetl air and furnace gases 
traverse the drier in an opposite direction to the ore. Two or 3% of water is 
eliminated from the ore, - 

5. Push conveyor. From (4); delivers to (6). ' 
(j. Elevator. From (5) and (8); delivers to (7). 

7. Three cylindrical trommels with wire-cloth screens having 2,5-milHmeter 
openings. From (6); deliver ovei*size to (8), undersize to (9), and dust to (28). 

8. Thirty-inch Coniish rolls. From (7); deliver crushed ore to (6). 

9. Elevator. From (7); delivers to (10). 

10. Four wind separators. P>om (0) ; deliver dust to (2S), ver}- fine material 
— approximately from O.OS millimeter to dust — to (12), and coarser material 
to (11). 

11. Eight cylindrical trommels with wire cloth screens having 0,75-milli- 
meter openings. From (10); deliver oversixe to (15) and undersize to (14). 

12. Dust separator. From {10); delivers fine ore to (13) and dust to (28). 

13. Belt conveyor. From (12); tlelivers to (16), I 

14. Belt conveyor. From (11); delivers to (17). 

15. Belt conveyor. From (11); delivers to (IS). 

Id. Fines storage bin. From (13); delivers to (19). ■ 



mm 



!?:« QBE DRESSiSG. Mill 135. 1 1467 

17. Merlium-ore storage bin. From (14); delivers to (21). 
IS. Coarse-ore storage bin. From (loj; delivers to (23). 
19. Four Mechemich magnetic separators. From (16); deliver highly 
magiic'tic rhodonite to (26;, sli^tlv magnetic sphalerite to (25), and tailings to 

2f). Two Mechemich magnetic separators. From (19): deliver highly 
magnetic rhodonite to (26), slightlv magnetic ^halerite to (25), and tailings 
to (27). • ' 

21. Eight Mechemich magnetic separators. From (17); deliver highly 
magnetic rhodom'te to (26), sU^tly magnetic sphalerite to (25), and taiUngs 
to (22;. 

22. Four Mechemich magnetic separators. From (21); deliver highly 
magnetic rhodonite to (26), slightlv magnetic sphalerite to (25), and tailings 
to (27;. ..." 

23. Five Mechemich magnetic separators. From (IS); deliver highly 
magnetic rhodonite to (26), slightly magnetic sphalerite to (25), and tailings 
to (24;. 

24. Three Mechemich magnetic separators. From (23); deliver highly 
magncftic rhodonite to (26), slightly magnetic sphalerite to (25), and tailings 
to (27). 

25. Belt conveyor. From (19), (20), (21), (22), (23), and (24); delivers to 
(3S). 

26. Belt conveyor. From (19), (20), (21), (22), (23), and (24) ; delivers, via 
hopper and tramway, to waste dump. 

27. Belt conveyor. From (19), (20), (21), (22), (23), and (24) ; delivers, via 
feed hopper, to (35). 

28. One 6-foot dust exhaust fan. From (7), (10), and (12); delivers to 

29. Dust settler consisting of a wooden tower with suitable baffle plates. 
The dust current rises through a constant shower of water. From (28) and 
water from (32); delivers dust slime to (34) and water to (30). 

30. Settling tank. From (29) and (33); delivers water to (31) and settlings,' 
periodically, to (34). 

31. Sump. From (30); delivers, via a 4-inch centrifugal pump, to (32). 

32. Water tank. From (31) ; delivers to (29) and overflow water to (33). 

33. Water-storage tank. From (32); delivers to (30). 

34. p:ievator. From (29), (30), (36), and (37); delivers to (35). 

35. Two hydraulic classifiers. From (27) and (34) ; deliver spigots to (36) 
and overflows to (37). 

3(). Two 5-compartment jigs. From (35); deliver first hutches of galena 
to (40), second and third hutches of sphalerite to (41), the fourth hutches to 
(34), and the fifth hutches and overflows to waste. 

37. Wilfley table. From (35); delivers galena concentrates to (40), sphal- 
erite concentrates to (41), middlings to (34), and tailings to dump. 

3S. Elevator. From (25); delivers to (39). 

39. Shipping bins for dry sphalerite concentrates. From (38); deliver, via 
cars, to Hni(4t(jr. 

40. Shipping bin for galena concentrates. From (36) and (37) ; delivers, 
via cars, to snielter. 

41. Shipping bins for wet sphalerite. From (36) and (37); deliver, via 
cars, to HUieltor. 

Th(^ o()n('entrat(»s represent 37% of the total weight treated. 
The niagn(»tic separators arc of the latest design Mechemich type, (see § 1322) 
with motor armature revolving horizontally between the poles of a strong mag- 
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net. The pole distance is easily adjusted. ControlIiiij| rheostats in field and 
annatuiT circuits admit of a lar^e variation in intensity of field or Hjx'ed of 
armature to suit the nature of th<* ore under treatment. The roastjui^tion of 
tlie armature differs slightly in thr dillerent groups of niafhines. The suet'ess 
of the niagnelie separation drpt'nds lurj^t^ly ufjon good sizing and regular fef^d. 
To secure the latter each feed hopper receives an intermittent motion by 
means of a pulsatory dynamo supplying current to electro-raagm^ts. The result- 
ing vibrating motion impurtetl to the hopper causes a very regular thin *stream 
of ore to pass beneath the armatures of the separatoi's. 

All machinery in this plant is driven by various electric motors receiving 
curn^nt from the central power station. 

5 14t3S, Mill No. IIMI Mill of the Fmsco Mining Company, Limited, 
Gkm, Idaho;' — The plant has a rapacity of 400 tons per 21 houi*>^.=* The ore 
conisista of galena and sphalrrite disseminated throughout a r|UMrtzite gangue. 
The ore also contains some magnetite* which is associated, mure or less inti- 
mately, with the galena, rendt'ring certain portions of the latter magnetic. 
Thp mill is designed to make l>oth gaU^na and sphalerite concentrates which, 
with th(^ magnetite^ are the economic minerals. 

Ore from the mine goes to (I). 

1. Grizzly, 28 X (JO inches, with l.o-inrh spaces between the bars and a 
elope of 18.5°. From* the mine; dctivers oversizt* to (2) and undcrsize to (3). 

2. Two Blake bn^akers, one hnving a 10 X 20-inch aiKl the other a 9 X 15- 
inch jaw opening and each making 2oO thrusts per minute. Cast-iron jaw 
plates used. From (1) ; deliver crusheil ore to (4), 

3. Twenty-inch elevator with a belt having a speed of approximately 300 
feet per minute and malleable-iron buckets, 7 X 12 inches, set 20 inches apart. 
From (1); delivers to (5). 

4. Twenty-inch elevator with details as in (3). From (2); delivers to (5). 

5. Twenty 'inch picking belt having a speed of 50 feet per minute. From 
(3) ami (4); delivers hand-picked high-grade ore to 5 dilTerent pockets (Nos. 
1,2, and 3 for lead on* and No,s, 4 and ') for zinc ore), from which it gocf^, via 
railroad cars, to i^melter, and milling ore to (G). 

6. Two Vezin automatic samplers, the fiii>t delivering 10% of the total ore to 
the second which, in turn, cuts out lO^'f, and delivers 1% of the ore from {">) to 
be quartered by hantl, the sample going to the as«ayer and all rejrH'ts to (7)» 

7. Wooden ore-bin, 8 X 11 X 22 feet, having a capacity of 125 tons. From 
(6) J delivers to (8). 

8. FrascT and Chalmers rolls, 16X30 inches, making 60 revolutions per 
minute. Use ca.^t-iron shells. From (7); deliver crushed ore to (9). 

9. Four Dings magnetic separators run wet with IS-inch feed belts. From 
(8); deliver magnetic product to (10) ami non-magnetic product to (13). 

10* Six 3-compartment jigs with plungers making 17r> strokes per minute. 
From (9) and (13); deliver galena concentrates to bin and thence to smelter, 
middlings to (ll)» and tailings to dump. 

IL Twenty-inch elevator with details as in (3), 
(12). 

12. E. P. Allis rolls, 14 X 3(> inches, making 72 
Use cast-iron sh(4ls. From (11); deliver crushed ore to (13). 

13. Two tromnu48, 3 X 9 feet, divided into 3 screening sections each 3 
feet long, having slopes of L2o inches to the foot, and making 13 revolutions 
per minute. The first and stH'ond sections havt* lO-millimeter and the thinl 
sections have 15-millimeter round punched holes. From (9) and (12); deliver 
10 to 0-millimeter stuff to (14), 15 to 10-millimeter stuff and larger than 15- 
millimeter stuff to (10). 



From (10); delivers to 
revolutions per minute. 
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14, Two trommels, 3X9 feet, divided into three screening sections each 
3 feet long, having slopes of 1.25 inches to the foot and making 13 revolutions 
per minute. Tlie first sections have 3.5-millimeter, the second sections have 
5-niillimeter, and the third sections have 7-miIlinieter round punched holes. 
From (13) and (17); deliver 3.5 to O-millimeter stuff to (18) ; 5 to 3.5-millimeterj 
7 to 5-millimeter^ and larger than 7'millimeter stuff to (15), 

15. Twelve 4'compartment jigs with plungers making 225 strokes per minute. 
From (14) and (IS); deliver galena concentrates, from the first 2 compartments, 
Ruming about 42'';. in lead and from S to 10% in zinc, to a bin and thence to 
smelter; lead-iron-xinc miildlings, from the third compartments, via elevatoi's, 
to a bio where they drain and arc then sent to {40); middlings, from the fourth 
compartments, to (10); and tailings to waste. 

l(i. Twenty-inch elevator with details as in (3)* From (15); delivers to 
(17). 

17. One set of Eraser and Chalmers and two sets of E. P. Allis rolls, 14 X 24 
inches, making 60 revolutions per minute. Use rolled-steel shells. From (16); 
deliver crushed ore to (14). 

18. Two trommels^ 3X3 feet, having slopes of L25 inches to the foot, 
speeds of 13 revolutions per minute, and 2.5-millimcter round punched holes. 
From (14); deliver oversize to (15) and undersize to {19). 

19. Twenty-inch elevator with details as hi (3). From (18); delivers to 
(20). 

20. Double Callow traveling-belt screen with 18-mesh, 27-brass wircK-loth 
screens. From (19); delivers oversize to (24) and undersize to (21). 

21. Double Callow traveling-belt screen with 22-mesh, 27-brass wke-eloth 
screens. From (20); delivens oversize to 24 ami undersize to (22). 

22. Double Callow traveling-belt screen with 30-mesh, 30-brass wire^cloth 
screens, From (21); delivers oversize to (24) and undersize to (23)- 

23. Twenty-inch elevator with details as in (3). From (22) and (24); de- 
livers to (25). 

24. Ten 4-compartment jigs with plunger making 300 strokes per minute. 
From (20), (21), and (22); deliver gah^na concentrates, from the first 2 com- 
partments, running about 42'/? in leail and from 8 to 10% in zinc, to a bin and 
thence to smelter; lead-iron-zinc middlings, from the third compartments, via 
elevator, to a bin where they drain and are then sent to (40) ; middlings, from 
the fourth compartments, to (23); and tailings to waste. 

25. Settling tank. From (23); delivers .settled sands to (26) and overflow 
to (33). 

20. Three 5-foot Huntington mills making <i8 revolutions per minute and 
crushing through slotted aereena having 30 holes to the inch. From (25); 
deliver pulp to (27). 

27. Double Callow traveling-belt screen with 40-mesh, 32-brass wire-cloth 
screens. From (2fv); delivers oversize to (30) and undersize to (2S), 

28. Double Callf)w traveling -belt screen with OO-mesh, 36*brass wifc-eloth 
screens. From (27); delivers oversize to (31) and undersize to (29). 

29. Double Callow traveling-belt screen with SO-mesh, 38-bnuss wire-cloth 
screens. From (28); delivers oversize to (32) an<l undersize to (34). 

30. Three No, 5 Wilfley tables making 200 1. 25-inch throws per minute. 
From (27); deliver galena concentrates to a bin and thence to smelter, zinc 
concentrates to a bin and thence to smelter^ middlings to (30), and tailings to 
waste, 

31. Three No. 5 Wilfley tables making 200 1-inch throws per minute. From 
(28); deliver galena concentrates to a bin ami thence to smelter, zinc concen- 
trates to a bin and thence to smelter^ middlings to (36) , and tailings to waste. 
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32. Four No. 5 Wilfley tables making 260 0J5-inch throws per minute. 
From (29) ; deliver galena eoncenlnites to a bin iind thenci^ to fimelter, zinc 
coueeiitrates to a bin and thence to smelter, middlings to Gifi), and tailings to 
waste. 

33- Three conical i^teel sett ling- tanks, 8 feet in diameter and S feet deep at 
the centers while but 3 feet deep at the rima. From (25); deliver spigots to 
(35) and overflows to waste. 

34. Four conical sterl yettling-tanks with details as in (33). Froni (29) 
and (33); deliver spigots to (3.">) and overflows to wa>ile. 

35. Five Allis-Chalmei-s ti-foot vanners making l-SO throws per minute. 
From (34) ; deliver lead concentrates to a bin and thence to smelter and tailings 
to (38). 

30. One conical steel settling-tank with details as in (33). From (30), (31), 
and (32); delivers spigot to (37) and overflow to waste. 

37. Five AUis-Chalmers G-foot vanners making PJO throws per minute. 
From (36); deliver zinc concentrates to a bin and thence to smelter and tailings 
to (38). 

3S. One conical steel settling-tank with details as in (33). From (35) and 
(37) ; delivers spigot to (31)) and overflow to waste. 

39. Five AUis-Chalmers 6-foot vanners making 200 throws per minute. 
From (38); deliver zinc concentrates to a bin and thence to smeller and tailings 
to waste. 

40. Three Dings magnetic separators treating wet ore. From (15) and (24) 
via feed hoppers; deliver the magnetic or low-grade lead-iron product, running 
about 25% in lead, 12% in zinc, and 20%^ in iron, to a bin aiul thence to snudter; 
and the non-magnetic or zinc concentrates, running about 43% in zinc and from 
5 to 7%, in lead, to a bin and thence to smelter. 

It will b<^ noticed that after passing the roughing rolls, (8), the ore passes 
through 4 Dings ouignetic separators, (9). These take out a certain percentage 
of the lead which is rendered magnetic by its association with more or less iron. 
Thei*€^ is also a portion of the quartzite gangui.^ which contains some magneUte 
and this is also picked up by the magnets with the magnetic lead. This mixed 
product from (9) goes directly to a jig without si/Jng, where the magnetic cjuart- 
zite is sloughed off and the galena is concentrated to a product assaying about 
40% lead. The portion of the galena which is non-magnetic^ together with 
the sphalerite and rest of the gangue, is sizetl and then jigged. 

The mill operates 3 shifts per 24 houns and 7 days a week. There are em- 
ployed on 8-hour shifts, 3 breaker-feeder men, 3 roll men, 6 jig men, 3 table men, 
3 vanner men, 3 separator men^ 1 repair man, 3 oredoading men, and 3 shift 
t>osses. 

§ 1469. Mill No. 137, Calamine Mill, Monteponi^ SAm^miA, —This 
mill handles about 240 tons in U hours and the ores treated consist of the 
economic minerals calamine, smithsonite, and limonite, with some galena, 
cerrusite^ siderite, and sphalerite.*^ The gangue is limestone an<l dolomite 
with some barite. The smithsonite and galena are very compact, and upon 
breaking remain largely in the coarse products while the calamine iind cerrusite 
are very friable and break up into fines. The galena carries about 0.2% of 
silver but the cerrusite contains very liiife silver.* 

Ore from the mine cars is dumped to (1). 

1. Grizzly having SO-millimeter openings between t!ie bars. From the mine; 
delivers oversize, via hopper, to (2) and undersize, via hopper, to (3). 

2. Picking table. From (1): delivers calamine to market, mixed zinc-iron- 
lead ore to (12), limonite to market, and waste rock to dump. 

3. Two Ferraris waving screens each having three screening sections with 
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holes 14, 20, and 30 millimeters in diameter respectively. From (1); delivei 
mtiteriiil on 30 milliiK'ters to (7), material between 30 and 20 millimeters i 
(t>), material between 20 and 14 irnlUmeters to (0), and material between 1 
and millinH'ters to (4). 

4. Two Feiraris waving screens each having three screening sections with 
holes 5, 8, and 10 millinn'ters in tUameter respectively. From (3) ; deliver 
material on 10 millimt^ters to (0), material betwt^en 10 and 8 niillimetei*s to (8), 
material between S and 5 millimeters to (S), ami material between 5 and milli- 
meters to (5). 

5. Two Ferraris waving screens each having two screening sections with 
holes L5 and 3 millimeters in diameter respectivefy. From (4); deliver materia] 
on 3 millimeters to (S), material tx^tween 3 and L5 millimeters to (8), and ma- 
terial through 1,5 millimeters to (9). 

6. Twelve 2-compartment jigs. From (3) and (4) ; ileliver mixed lead and 
zinc ore to (12), calamine to market, and tailings to dump. 

7. Wire picking-belt. From (3) ; delivers rich calamine to market, ferrugi- 
nous calamine to market, poor zinc-iron middlings to (12), Umonite to market, 
and waste rock to dump, 

8. Sixteen 5-compartment jigs. From (4) and {5); deliver lead-zinc mid- 
dlings to (12), rich calamine to market,, ferruginous calamine to (32), limonite 
to market, poor iron-zinc middlings to storage, and tailings to waste* 

9. Hydraulic classifier. From (5); delivers spigots to (10) and overflow to 

10. Four 5-compartment jigs. From (9) and (10); deliver cerrusite to 
market, lead middlings to (10), calamine to market, rich iron-zinc middlings 
to (26), poor iron-zinc middlings to storage, and tailings to waste. 

11. Six Ferraris waving tubk*s. From (9); di^liver cerrusite to market, 
calamine to market^ iron-zinc middlings to (20)^ and tailings to w^aste. 

lie-cr u s h ing Depart me n I . 

12. Ferraris wet ball mill From (2), (6), (7)» and (-S); delivers to (13) 
Crushes through 8 millimeters, 

13. Ferraris waving screen having three screening sections with holes 1.5, 3, 
and o millimeters in diameter respectively. From (12); di'livers material on 5 
millimeters to (14), material between 5 and 3 millimeters to (14), material between 

3 and L5 millimeters to (14), and material through 1.5 millimeters to- (16). ■ 

14. Three 5-compartment jigs. From (13); dehver middlings to (15)," 
calamine to market, ferruginous calamine to (32), rich iron-zinc middlinga 
to (19), poor iron-zine mitldlings to storage, and tailings to waste. 

15. Foiir-compartment jig. From (14); delivers lead ore to market^ lead 
barite middlings to (35), calamine to market, iron-zinc middlmgs to (26), and 
tailings to waste. 

16. Hydraulic classifier. From (13); delivers spigots to (17) and overflow 
to (18). 

17. Five-compartment jig. From (16) and (17) ; delivei-s cerrusite to market, 
lead-zinr middlings to (17)^ calamine to market, ferruginous calamine to (32), 
iron-zinc middlings to (26), and tailings to waste. 

18. Two Ferraris waving tables. From (16): ^letiver eerrusite to market, 
calamine to market, iron-zinc nuddlings to (26), and tailings to waste. 

Auxiliary Middlings DeparimenL 

19. Ferraris waving screen having two screening sections with holes 5 and] 
''^'meters in tliameter respectively. From (14) ; deHver material on 8 milli- 
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meters to (20), material between 8 and 5 miUimeters to (20), and material 
through 5 milJimetens to (22). 

20. Four 5-conipujtnK^iit jigs. Froni (19) and (22); deliver lead middlings 
to (21), rich calamine to market, ferruginaus rtdainine to (32), iron-zmc mid- 
dlings to (2G), poor middlings to storage, and tailings to waste, 

21. Four intermediate jigs run intt^rniittently and disrharged by hand- 
skimming. From (20); deliver cerrusite to market, lead-barito middlings to 
(35), cahimine to market, poor iron-zinc middlings to (2(1), and tailings to wa8te. 

22. Ferraris waving screen having two screening sections with holrs L5 
and 3 milhmeters in diameter respeetivfly. From (19); delivers material on 
3 millimetei^s to (20), material between 3 and 1.5 millimeters to (20), and 
matcrinl through 1.5 millimctei^H to (23). 

23. Hydraulic classifiers. From (22); deliver spigots to (24) and over- 
flow to (25). 

24. Two 5~compartment jigs. From (23) and (21) ; dehver cerrusite to , 
market, zinc-lead middlings to (24), calamine to market, rich iron-zinc middlings 
to (26), poor iron-zinc middlings to storage^ and tailings to wa.ste. 

25. Three Ferraris waving tables. Fnjm (23); deliver eernisite to market, 
calamine to market, iron-zinc middlings to (25), and tailings to waste. 

Magnetic Separation Depart meni. 

26. Revolving cylindrical furnace. From (10), (11), (15), (17), (18), (20), 
(21), (24), and (25); delivers to (27). 

27. Ferraris waving screen having six screening sections with holes, 0.5, 1, 
1.5, 2.5, 4.5, and 6 milhmeters in diameter respectively. From (20); delivers 
each size periodically to (2S). 

^ 2S. Ferraris magnetic separator. From (27) ; delivers limonite to market, 
non*magnetic tailings coarser than 2 millimeters to (29), and finer than 2 milH- 
metera to (31). 

29. Three intermediate jigs run intermittently and discharged by hand 
skimming. From (28) ; deliver limonite to market^ c^ilnmine to market, mid- 
dlings to (30), and tailings to waste, 

30. Intermediate jjg» run intermittently ami discharged by Ixand skimming. 
From (29); deUvers calamine to market, middlings to storage, and tailings to 
waste. 

31. Three 4-compart,ment jigs. From (2S) and (31); deliver limonite to 
market, middUngs to (31), rich calamine to market, ferruginous calamine to 
(32) , and tailings to waste. 

32- Revolving cylindrical furnace. From (8)^ (14), (17), (20), and (31); 
delivers to (33)* 

33. Ferraris waving screen havitig seven screening seetions with holes 0.5, 1, 
L5, 2.5, 4.5, G, and ID millimeters in diameter respectively. From (32); de- 
livers each size periodically to (34). 

34. Ferraris magnetic separator. From (33) ; delivers calamine to market 
and limonite to market. 

35. Revolving furnace fur decrepitating barite. From (15) and (21); de- 
livers to (36). 

36. Ferraris waving .screen having six screening sections with holes 0.5. 1, 
1.5, 2.5, 4.5, and G millimeters in iliameter respectively. From (35); deliver 
material on 6 millimeters to market, riiati^rial between 4,5 and 6 millimeters 
to (38), material between 4.5 and 1 millimeter to market, material between 1 
and 0,5 millimeter to (37), and material below 0.5 millimeter to market. 

37* Three 4^ompartment jigs. From (36) and (37); deliver lead ore to 
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market, mixed lead ore to (37), barite to market^ calamine to market, an< 
tailings to waste. 

38. IntiTinediate jig run intermittently and disrharged by hand skimming.. 
From (36) and (3S); delivers lead ore to market, lead-zinc middlings to (38) 
calainint- to Jiiarkot, arni tailings to waste. 

§ 1470. Mill No. 138. Velardena Mining and Smelting Company, 
Velaroena, Dlvrango, Mexico. — This mill has a caparity of about 175 tons 
per 24 hours. *^^ The ore treated i?^ a v^^ry heavy siilphidt* eon.siatiug of galena, 
sphalerite, and pyiite, all very finely Interspersed. The gangue is a haril porphyry 
eontaining a small amount of limestone. The minerals compose nearly 9U% 
of the ore which earrios about II ounces of silver per ton. The problem is to- 
save the lead, zinc, iron, and silver values. Al! tonnages referred to in thii 
How sheet are metric. The ore from shaft No. 6 goes via 1.5-ton tram cars; 
from shaft No. 7, via 20-ton railroad cars; and from shaft No. 8, via 30-toa 
railroad cars, to (1). 

Crushing and SampJing Plant. 

1. Two sets of weighing scales of 100 tons capacity. One used for mine 
cars and one for railroad cars. From the mine; deliver to (2). 

2. Wooden breaker-bin of 2,0tM) tons capacity with a flat bottom and a 
side gate discharge. From (1); delivers to (3). 

3. Blake breaker with a 10 X 20-inch jaw opening, making 240 thrusts per 
minute, and requiring S.7 horse-power w^hcn breaking 22i) tons per 24 hours 
to L25 inches. From (2); delivers crushed ore to (4). J 

4. Sixteen -inch elevator with an 8-ply rubber belt, having a speed of 349!9 
feet per minute, and 67 malleable-iron buckets, 6 X 6 X 15 inches^ which ele- 
vate the ore 52.75 feet. When liandling at the rate of 400 tons per 24 houri*, - 
it requires L5 horse^power. From (3) and (6); delivers to (5), I 

5* Trommel, 50x90 inches, with 1.25-inch round holes punched in steel 
plate, making 9 revolutions per minute, having a slope of 2 inches to the foot, 
and requiring 1 horse-power when handling 400 tons per 24 hours. From (4)jJ 
delivers ovcrsii^e to (0) and undersize to (7). 1 

0. Blake breaker writh a 10 X 20-inch jaw opening, making 240 thrusta 
per minute, and rtM|uiring 10.8 horse-power when breaking to 1-inch cubes. 
From (5); delivers crushed ore to (4). ■ 

7. Ve?Jn sampler, 475 feet in diameter, making 20 revolutionsper minute, and ■ 
cutting out 5% of the ore. From (5) ; delivers sample to (S) and n^ject to (12). 

5. Rolls, 10 X 20 inches, making 130 revolutions per minute, and requiring 
3.9 horse-power when crushing to 4 mesh. Manganese-steel shells are used 
From (7); dehver crushed sample to (9). 

9. Elevator having a speed of 341 feet per minute, and 59 malleable-iron 
buckets, 5.5 X 5,5 Xli.5 inches, which elevate the sample 45.5 feet. From 
(8); delivers to (10). 

10. Vezin sampler, 2.33 feet in tliameter, making 20 revolutions per minute, 
and cutting out 12.5% of the feeil, or 12.5 poninls per ton of original ore. From 
(9); delivers sample to (11) and reject to (12). 

11. (Jates No. 2 sample grinder. From (10); delivers finished sample to 
bucking-room, 

12. Robins belt conveyor w^ith a magnet suspended above it to remove 
scrap iron and steel. Seven amperes at 125 volts are used in the coils which 
are an old set of generator fiekl coils. Periodically the magnet is swung off 
the belt, the switch opened, and the accumulated iron anti steel dropped into 
a box for the purpose. From (7) and (10); delivers ore, via tripper, to (13), 
and scrap iron and steel to waste. 
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13. Wooden roll-bin with a capacity of 300 tons and a bottom having a 
45^ slope. The product of this bin will average about 10.0% in lead^ 25.0% 
in iron, 10.0% in zinc, 29-0% in aulphur, 3.0% in lime, 10.0% m silica, and 11,0 
ounces in silver per ton. From (12) ; delivers, via side gate and plunger feeder, 
to (14), 

Concentrating PlanL 1 

This department is divided into two sections. Section "A'^ is described 
below, but in section *'B*' the scheme for rolls, trommels, classifier, jigs, and 
tables is duplicated. 

14. Coanse rolls, 14 X 36 inches, making 70 revohitions per minute, and 
requiring 12 horse-power when crushing HMJ too^ per 2-1 liours to 3 mesh. Chrome- 
steel shells arc used. From (13); tleUver crushed ore to (15). 

15. Sixteen-inch elevator with an S-ply rubber belt, having a speed of 332 
feet per minute, and 84 malleable-iron buckets, 6 X 6 X 20 inches, which ele- 
vate the ore 66.25 feet. Requires 2.3 horse-power. From (14), and (17); de- 
livers to (16). 

16. Two trommels. 3 X 8 feet, with 2-miliimeter round holes punched in 
steel plate, making 16 revolutions pvT minute yiider water, having slopes of 
1.375 inches to the foot, and handhng 50 tons each per 21 hours. From (15) 
with 30 gallons of water per minute from (37) ; deliver ovei-size to (17) and under- 
size together with 30 gallons of water per minute to (IS). 

17. Two fine rolls, 1 1 X 30 inches, making 98 revolutions per minute, and 
requiring 11.5 hoi*se-power when crushing with rolls set close^ C'hrome-steel 
shells are used. From (16); deliver crushed ore to (15). 

IS. Two trommels, 3x8 feet, with diagonally slotted holes, 1.25 milli- 
meters in diameter, punched in steel plates. Make 16 revolutions per minute, 
have slopes of 1.37.jr inches to the foot^ and handle 50 tons each per 24 hours. 
From (16) with 10 gallons of spray water and 10 gallons of wash w^ater per 
minute from (37) ; «leliver oversize together with 10 gallons of water per miimte 
to (23) and undersize with 40 gallons of wati^r per minute to (19). 

19. Two trommels, 3X8 feet, w^ith steel wire-cloth screens having 0.75- 
niillimeter openings. Make 16 revolutions per miiuite and have slopes of 1.375 
inches to the foot. From (18) with 10 gallons of spray water and 10 gallons 
of wiush water per minute from (37) ; deliver ovei-size together with 10 gallons 
of water per minuU* to (24) and undersijic with 50 gallons of w^ater per minute 
to (20). 

20. Richards' vortex hydraulic classifier with three 4-inch sorting columns. 
From (19) with 22 gallons of hydraulic water per minute for the first spigot, 
10 gallons for the second spigot, and 5 gallons for the third spigot from (3S) ; 
delivers the first spigot together with 15 gallons of water per minute to (25), 
second spigot with 7 gallons of water per minute to (20), third spigtjt with 5 gal- 
lons of water per minute to (27), and overtlow with 60 gallons of w*ater per 
minute to (21). 

21. V-shaped settling tank, 44 feet Umg by 7 feet deep, with 3 spigots and 
no rising current. Seizes both sections. From (20) ; delivers the first spigot 
together w^ith gallons of water per minute to (28), the second spigot with 6 
gallons of water per minute to (29), the third spigot with 12 gallons of w^ater per 
minute to (30), and the overflow with 84 gallons of water per minute to (22). 

22. Cylindrical redwood clarifying-tank w^ith a peripheral overflow, 16 f(*et 
high by 12 feet in diameter. Starves both sections. From (21), (35), and the 
mine pump; delivers shines to waste and 154 gallons of clear water per minute 
to (23). (24), (25), (26), (27), (28), (29), (31), and (32). 

23. Two coanse 3-compartment Harz jigs with brass wire-cloth sieves, 
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18 X 32 inches, having 2-millimeter openings. The plungers, 18 X 32 inches,.] 
make 225 0.5-inch strokes pvr minute. Eaeh handles 10 tons per 24 hours and' 
requires 3 horse-power. From (IS) with 10 gallons of hydraulic water per 
minute from (22); deliver the first hutch products, as concentrates, together 
with 2 gallons of wnt€*r per minute, to (33) ; the second hutch products, as con- 
centrates, with 2 gallons of water per minute, to (33); the third hutch products, 
as concentrators, with 2 gallons of water per minute, to (33) ; and the tailings with ■ 
14 gallons of water per ndnute to (36). ■ 

24. Three intermediate 3-compartment Harz jigs with bniijs wire-cloth 
sieves, 18 X 22 inches. The plungers, 18 X 32 inches, make 240 0.375-inch 
strokeij per minute. Each handk*s S tons per 24 hours and requires 3 honse- 
pnwer. From (19) with 18 gallons of hydraulic water per minute from (22); 
deliver the first hutch products, as concentrates, together with 3.34 gallons of 
water per minute, to (33); the second hutch products, as concentrates, with 
3.33 gallon-s of water per minute, to (33) ; the third hutch protiucts, as con- 
ceutrates, with 3.33 gallons of water pur minute, to (33); and tlie tailings mth 
18 gallons of water per minute to (36). 

25, Three fine 3-compaJtment Harz jigs with brass wire-t4oth sieves, 18 X 32 
inches, having 1.7-niillimeter operungs. The plungers, 18 X 32 inches, make 
250 0.312r)-inch ^strokes per minute. Each handles 9 tons per 24 houi"s and 
requires 3 horse-power. From (20) with 21 gallons of hydraulic water per 
onnute from (22) ; deliver the fii-st hutch products, as concentrates, together 
with 7 gallons of water per nnimte, to (33) ; the second hutch products, as con- 
centrates, with 7 gallons of water per minute, to (33) ; the third hutch products, 
as concentrates, with 7 gallons of water per minute, to (33); and the tailings 
with 15 gallons of water per minute to (36). 

20. One No. 5 Wilfley table making 245 0.75-inch throws per minute, 
handling 7 tons per 24 hours, and requiring 0.2 horse-powen From (20) with 
5 gallons of wash water per minute from (22); delivers concentrates together 
with 1.75 gallons of water per minute to (33), nn^idlings with 1.25 gallons of 
water per minute to (31), tailings with 6 galhuis of water per minute to (36), 
and backwater with 3 gallons of water pt/r minute to (30). 

27. One No. 5 Wilfley table with details as in (26). From (20) with 5 
gallons of wash water per minute from (22); delivei-s concern t rates together 
with 1.75 gallons of water per minute to (33), mitldlings with 1.25 gallons of 
water per minute to (31), tailings with 6 gallons of water per minute to (36), 
and backwater with 3 gallons of water per minute to (30). 

28. One No. 5 Wilfley table with details as in (20). From (21) with 6 
gallons of wash water jjer minute from (22); delivers concentrates together 
with L75 gallons of water per minute to (33), middlings witli !,25 gallons of 
water per minute to (32), tailings with 6 gallons of water per minute to (3G), 
and backwater with 3 gallons of water per minute to (30), 

29. One No. 5 Wilfley table with details as in (26). From (21) with 6 
gallons of wash water per minute from (22), delivers concentrates togetlier with 
1.75 gallons of water per minute to (33), middlings witli 1,25 gallons of water 
per minute to (32), tailings with 6 gallons of water per minute to (3(>), and back- 
water with 3 gallons of water per minute to (30). 

30. Cylind ritual redwood clarifying-tank with a peripheral overflow^ a capacity 
of 41,750 gaiinMs, 20 feet high bv 20 feet in diameter. Serves both si^ctions. 
From (21), (20), (27), (28), (20), and (33); delivers sludge together with 2:i gat- 
Ions of water per minute to (34) and overflow^ with 100 gallons of water per 
minute to (35). 

31. One No. 5 Wilfley table with details a.s in (26). Serves both sections. , 
From (26) and (27) with 4 gallons of wash water per minute from (22) ; delivers 
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concentrates together with 0.5 gallon of water per minute to (33), and tailings 
with 8.5 gallons of water per minute to (36). 

32. One No. 5 Wilfiey table with details as in (2G). Serves both sections. 
From (28) and (29) with 4 gallons of wash water per minute from (22) ; delivers 
concentrates together with 0.5 gallon of water per minute to (33) and tailings 
with 8.5 gallons of water per minute to (36). 

33. Two aeeumulator^ and dewaterers u.sed alteniately and serving both 
sections. Each holds a little over 1 ton and \s a steel boLly, 3 fec^t long by 2 
feet high by 2 feet wide^ inside dimensions, supported on truimions with an 
overflow spout at the front side and Ijottom. (Concentrates are run into tlir' 
dewaterer until the body is nearly full, the water averrtowing. The ilow of the 
concentrates is then diverted to the other dewaterur. The first aci'umulator 
is drained, the catch rtdeased, and the boily alloweil to revolve and empty 
itself. From (23), (24), (25), (20), (27), (2S), (29), (31), and (32); deliver 
concentrates together with 2 gallons of water per minute to (30) and overflow 
with S7 gallons of water per minute to (30). 

34. Five evlindrieal concrete settling-tanks which serve both sections and 
overflow at the top, 3 feet high by 24 feet in diameter. From (30) ; deliver 
slimes together with 3 gallons of water per minute to w^aste and overflows 
with 20 gallons of water per minute to (35). 

35. One 8-ineh single-stage Worthington centrifugal pump handling 1,500 
gallons per minute against a head of 140 feet. Servus both sections. Direct 
connected to a General Electric, form K, 75 horse-power, 75-ampere, 550-volt, 
25-cycle induction motor making 1,500 revolutions per minute. From (30), 
(34), and (30); delivei-s to (22), (37), or (3S). 

36. Tadings pond. From (23), (24), (25), (20), (27). (2?^), (20), (31), and 
(32); dehvers 50 gallons of water per nunute to (35), 100 gidlons of water per 
minute to waste, and tailings to (41). 

37. Cylimlrical cypress head-tank, 14 feet high by 12 feet in diameter. 
Serves both sections. From (35) and the mine pump; delivers 70 gallons of 
water per minute to (10), (18), and (19). 

38. Chissifier water tank. Serves both sections. From (35) and the mine 
pump; delivers 37 gallons of water per minute to (20), 

39. Belt conveyor. From (33); delivers concentrates to (40). 

40. Shipping bins. From (30) ; deliver eonc<*ntrates, via cars^ to smelter. 
The jig concentrates average to run api>roxnnattly 27.0% in lead, 2S,0% 

in iron, 4.0% in zinc, 2.0% in silica, antl 23.5 ounces ijt silver per ton. 

The table lead-<'oncent rates assay about as follows: 30.0%, in lead, 23.0% 
in iron, 7.0% in zinc, 2.0% in ailica, ami 25.0 ounces in silver per ton. 

The total recover}^ of silver and lead in both the wet and dry plants is ap- 
proximately 75.0%. 

Labur and Wiigv^. 

This concentrator operates two 12-hour shifts for 7 days a week. There 
are employed on each shift 2 Ann-ricans at 8 Pesos per shift and about 12 Mexi- 
cans, of whom the roll, jtg, and table men receive about 2 Pesos and the peons 
1.25 Pesos per shift. 

Power and Water, 

The crushing plant is driven by a 75 horse-power, 3-phase, 25-cvcle, 550-volt 
induction motor. The concentrator is driven by a 125 horse-power non-con- 
densing E. P. Allis Corliss engine at SO revolutions per miimte. The electrical 
energy is developed ut a central station comprising four 5<M) hoj^^e-powcrCrossley 
gas-engine units operated on the Ijoomis- Petti bone producer gas system, and 
two oOO horse-power compound condensing Nordberg engines direct connected. 
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Current is supplied to the adjacent motors at 550 volts but is transformed up to 
n,OtX) volts for tnm«iiiis8ion to the* mines. The total power used for section 
'* A " Is 52.5 horse-power, for sections ** A '* and " Ji " 1>2.S hoi*i5e-power, and 
for the whole niill inchiding tlie erujrihiiif^ plant 112.0 hoi'^e-power. In the 
crushing phxnt, however, the maximum power required at times rises to twice 
the average power required. 

The water from the Santa Maria mine is delivered direetly to the mill tanks 
by a 4-stage, 5-ineh Worthington reotrifugal pump, di'livering 500 gallons of 
whaler per minute against a 500-foot hviul, direct connected to a 150 horse- 
powiT, form K, induction motor, and also by a Worthington duplex steam 
pump and Cameron Xoa. 9 ami 11 sinkers, 

Tiiree hundred and sixty-i'iglit gallons of water per minute are required or 
11.4 tons per ton of ore. Of this amount 203 gallons per minute* are saved 
and re-used, or 8.1 tons per ton of ore and 105 gallons per minute are lost in 
the concentrates, tailings, and by evaporation, which has to be made up from 
the mine water. 

Zinc Plant. 

41. Tailings stack. From (36); delivers to (42). 

42. Conve3'or. From (11); tlelivers to (43). 

43. Revolving drier maile of steel 5 feet in diameter by 30 feet long, having 
a slope of 0.5 inch to the foot, and making 15 revolutions per minute. Has no 
lining. Supported on rollers at four places and fired with gas in the front end. 
Regulated by dampei-s and drafts. From (42); delivers dry ore to (45) and 
dust to (44). 

44. Dust chamber of brick. From (43); delivers dust to (45), 

45. Belt conveyor, From (43) and -(44); delivers to (46). 

46. Elevator. From (45) and (4S) ; delivers to (47). 

47. Gravity screen built somewhat after the Kow^and type^ being 20 feet 
long, 2 feet wide, and 2.33 feet liigh, inside dimensions. It has two screens, 
one having 1.25 and the other 0.75*millimeter straight punched-slot lioles. Each 
screen is 18 X 24 inches and made of steel. Three-inch angle irons are used 
to break the fall from one tray to the next, there being 7 trays for the first or 
finest size and 5 for the second or interrnedinte size. From (46); delivers 
material larger tluin 1.25 millimeters to (4S), material between 1.25 and 0.75 
millimeter to (40), and material smaller than 0.75 miUimeter to (58), 

4S, Rolls, 14 X 30 inches. From (47); tleliver crusheil ore to (46). 
41). Wooden hopper with a flat bottom and a capacity of 75 tons. From 
(47); delivers, via spout, to (50). 

50. International magnetic separator with toothed armature, making from 
iSO to 90 revolutions per minute, and using S amperes at 125 volts, direct cur- 
rent generated by the motor generator set at the central power plant. From 
(49); delivers magnetic product to (57) and non-magnetic product to (51). 

51. Internationa! magnetic separator with details as in (50). From (50); 
delivers magnetic product to (57) and non-magnetic product to (52). 

52. Elevator. From (51); delivers to (53). 

53. Wooden hop|>er with a Oat bottom and a capacity of 50 tons. From 
(52); delivers, via spout, to (54). 

54. International magnetic separator with details as in (50). From (53); 
delivers magnetic produet to (57) and non-magnetic product to (55). 

55. International magnetic separator with details as in (50). From (54); 
delivers magnetic product to (57) and non-magnetic produet to (56), 

56. Wooden taiiingsdiopper w^ith a flat bottom and a capacity of 100 tons. 
From {o5) and (64); delivers, periodically, via spout, to (66). 
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i 57. Wooden ooarse-zinc concentrates^hopper with a flat bottom and a ca- 
tabcity of 50 tons. From (50), (51), (54), and (55); delivers, periodically, via 
pipout, to (66). 

, 58. Wooden hopper with a flat bottom and a capacity of 75 tons, From 
(47); dc4iver«, via spout, to (59). 

59. Internationid magnetic separator with details as in (50), From (58); 
delivers magnetic product to (65) and non-niagnetie product to (60). 

60. International nuigiietic separatur with details as in C50). From (59); 
delivers magnetic product to (65) and noiMnagnetie product to (Gl). 

61. Elcviitor. From (60); delivers to (62), 

62. Wooden hopper with a flat bottom and a capacity of 50 tons. From 
! (61^; deHvers^ via spout, to (63). 

i^iS, International magnetic separator with details as in (50). From (62); 

delivers magnetic product to (65J and non-magnetic prochict to (64). 
I 64, International magnetic separator with details as in (50). From (63); 

delivers magnetic product to (65) and non-magnetic product to (56). 
I 65. Wooden fine-zinc concentrate.s-hopper with a flat bollom and a capacity 

of 50 tons. From (59), (60) , (63), anil (04 j; delivers, periodically, via spout, 
, to (66), 

k 66. Conveyor. From (50), ("iT) or (65); delivers to (67). 
' 67. Elevator. From (66) ; delivers to (68). 

68. Wootien hopper with a flat bottom and a capacity of 25 tons* From 
(67); delivers, via spout, to (60). 

69. Roasting furnace, which is a brick stack about 4 feet square at the top, 
6 feet sf4uare at the bottom, in.side measurements, and 41.67 feet high. The 
sides are 17.5 inches thick. The ore is achnitted at the top, through a hopper, 
and falls over a splitting and dividing system which scatters it. Ascending 
the stack, while the ore is descending, are the hot gases produced by the com- 
bustion of producer gtis which is burned in a small fire chamber in the front 
of the stack. The furnace is a complete success as operated at this plant and 

, the stack temperature is controlled very closely by varying the quantity of 
gas and the proportion of ore. The distribution of the ore through the furnace 
is nearly perfect and the rate of fcH^d absolutely under control. As a rule the 
furnace is operated under a rate of feed of 75 tons per 24 hours with a maxi- 
mum of 140 terns per 24 hours. Tlie firu's drawn over through the downcomer 
can largely he collected in thr^ ilusf. chamber. The sul]>hur is reiluced by roast- 
ing, on the coarse i^hc\ from 2hi^% to 22,2* J an*! on the finer shv from 2S.2% 

I to 21.2%. The gas required to roast 100 tons of the wet-milf taUings is 433,440 

ysubic feet of a calorific value of 61 British thermal units. From (68); delivers 

^Bj^ted ore to (71) and dust, via dowueomer, to (70). 

^" 70. Bust chamber, p^rom (69); delivei^ to (71). 

r 71. I'hain elevator. From (69) and (70); delivers to (72), 

f 72. Distributor. From (71); delivers, periodically, to (73), (74), or (75). 

' 73, Wooden cooling-hoppers with flat bottoms, for tailings. From (72); 

I deirver, periotlically, via spouts, to (76). 

1 74. Woo* leu ctiuling-hoppers with flat bottoms, for coarse zinc^concentrates. 
From (72); deliver, periodically, via spouts, to (76). 

75. Wooden coohng-hoppers with flat bottoms, for fine zinc-concentrates. 
From (72); deliver^ periodically, via spouts, to (76). 

76. Conveyor, From (73), (74), or (75); tlelivers to (77). 

77. Elevator. From (76); delivers, periodically, to (7S), (80), ot (83). 

78. Wooden tailings-hopper with a flat bottom. From (77); delivers^ via 

t' — ^ut, to (79). 
79. International magnetic separator with smooth armature making 115 
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revolutions per minute and using 2 amperes at 125 volts, direct current gen- 
erated by thr motor gonerator set at the rputral power plant. From (78); 
delivers the niapietie product to (86) and the non-magnetic product to (92), 

80. Wooden roarse zinc-concentrates hopper with a flat bottom. Fit>m (77); 
delivers, via spout, to (81). 

SI. International magnetic separator with details as in (79). From (80j; 
delivers magnetic product to (86) and non-magnetic product to (82). 

82. International magnetic separator with detail as in (79). From (81); 
delivers magnetic product to (92) and the non-magnetic product to (8S). 

83. Wooden fine zinc-coneeutrates hopper with a flat bottom. From (77); 
delivers, via spout, to (S4). 

84. International magnetic separator with details as in (70), From (83); 
delivers magnetic product to (K6) and non-magnetic product to (85). 

85. International magnetic separator with details as in (79). From (84); 
delivers magnetic product to (92) and non-magnetic product to (88). 

86. Elevator, From (79), (81), and (84); delivers to (87). 

87. Wooden iron-concentrates shipping hopper with a fiat bottom. These 
concpnt rates will run about 9.0% in lead, 35.0%, in iron, 8.0% in zinc, 40,0% 
in sulphur, 3.0%. in silica, luid 8.0 ounces in silver per ton. From (86) ; delivers, 
via spout and cars, to smelter. 

88. Klevator. From (82) and 0%) ; delivers to (89), 

89. Wooden zinc -concentrates shipping hopper with a flat bottom. From 
(88); deh'vers, via spout, to (90). 

SK). Vezin sampler making 20 revolutions per minute and cutting out 5.0% 
of the feed. PYom (89); delivers sample to bucking-room and reject to (91). 

91. Richardson automatic scales of 60 tons capacity. From (90); deliver, 
via cars, to smelter. 

92. Elevator. From (79), (82), and (85); delivers to (93). 

93. Wooden tailings-hopper with a flat bottom. From (92); delivers, via 
spout and cars, to waste. 

The following statement is made, by the management of this property, 
concerning the Internationa! magnetic separator: 

'* It is a simple, medium-priced high-caparity machine. It maintains its 
adjustment, produces uniform results and is cheap to install and to operate. 
It has not the high tensity of the machines of the W'etherill type nor can it 
be as delicately adjusted.'" (See § 1320.) 

I. Mills Saving Gold, Silver, Lead, and Zinc Values. 

Mills 139, HO, 141, and 142 are given to illustrate this class in three districts. 

§ 1171. Mill No. 139. Coni cntrator or thk Minas Tec olotks y 
Anexas, of the American Smelters Sepuhities Company, Santa Barrara, 
CuiHUAHUA, Mexico. — The capacity t^f the crushing department is 800 tons, 
and of the r(m cent rating department t)(MJ tons per 24 hours.*" All tonnages 
referred to in this flow slieet are metric tons. 

The ore treated consists of the economic minerals galena, sphalerite, and 
pyrite disseminatetl in a gangue of quartz. All these minerals, including the 
quartz, are argentiferous. The crude ore assays about as follows: 8.0% in lead, 
8.0% in zinc, 10 ounces in .silver, and from 0.03 to 0.07 ounce in gold per too. 
The problem is to concentrate and recover the economic values, Ore from 
the mine is dumped to (1). 

Crushing Plant. 

1. Two receiving bins each having a capacity of 200 tons. From the mine; 
deliver to (2). 



m 



I 1471. Mill 139. OUTLINES OF MILLS, ^^^^^M 1749 

2. One No. 5 gyratory McCiiIly breaker breaking to 2,5 incbes. The driv- 
ing pulley makes 400 revolutions per minute and the average power required, 
when breaking at the rate of 600 tont? per 24 hours, i.s about 13 horse-power. 
A niangane.se-steol head lasted 170 days or while breaking 69 JOO tons, and a 
chilled-iron head lasted 160 days or while breaking 2!f,;j(M) tons. A set of man- 
ganese-steel concaves la^sted 345 days or while breaking 106/200 tons. Babbitt 
for the eccentric lasted 107 days or while breaking 42,42-5 tons. Phosphor- 
bronze eccentric wearing rings last 160 days or while breaking 29,300 tons, 
and cast-iron safety pins last 170 days or while breaking 69,700 tons. From 
(1); delivei's crushed ore to (3). 

3. Thirty-inch 6-ply conveying and picking belt with a eonveying length 
of 48.5 feet J a sprMMl of 100 feet per minute, tmd rc^juiring about 1 horse-power 
when haodling ore at the rate of 600 tons pc?r 24 hours. From (2); delivers 
w^aste rock to dump, high-grade ore, via cars, to smelter, and milling ore to (4). 

4. Trommel, 3,5 by 10 feet, having L5-inch round holes punchefl in steel 
plate, a speed of 18 revolutions per minute, a slope of 1.75 inches to the foot, 
lasting 130 days or while screening 59,200 tons^ and requiring 1.5 horse-power 
when handling at the rate of 660 tons per 24 hours. From (3); delivers over- 
size to (5) and undcM-size to (6). 

5. Two Farrel Blake breakers, wuth 6 X 20-inch Jaw^ openings, making 305 
thrust-s per minute, breaking to 1,25 inches, having a capacity of 4S0 tons per 
24 hours, and requiring about 9 horse-power. Fixed and swinging jaw»pla1es 
of manganese steel lasted 135 days or while breaking 56,600 tons while the same 
jaw plates of Cauda steel lastetl 19 days or whil(* breaking 10,400 tons. Babbitt 
for the pitman lasts 90 days or while breaking 47.500 tons. Cast-iron toggle 
bearings last ISO days or while breaking 96,000 tons. Steel cheek plates last 
135 days or while brt^^king 56,600 tons, and steel tension rods last 130 days or 
while breaking 57,920 tons. From (4); deliver cmshed ore to (6). 

6. Twenty-inch elevator with a 10-ply rubber belt, having a speeri of 310 feet 
per minute, a life of 330 days, or while handling 98,700 tons, and Ijueket^s, 
S X 18 inches, set 18 inches apart, which elevate the ore 47 feet and have a 
life similar to that of the belt. The upper pulley is 36 and the lower 30 inches 
in diameter. Handles 600 tons per 24 hours. From (4) and (5) ; delivers to (7). 

7. Storage bin of 100 tons capacity. From (6); delivers to (8). 

8. Plunger feeder making 90 1.5-inch strokes per minute. From (7); de- 
livers to (9). 

0. Twenty-inch elevator with a 10-ply rubber lytAt having a speed of 310 
feet per minute, a life of 540 days, or while handling 220,(M)0 tons, and buckets^ 
8 X 18 inches, set 20 inches apart, which elevate the ore 51 feet and have a 
life similar to that of the Ix It. The upper pulley is 36 and the lower 30 inches 
in diameter. Handles 1,050 tons per 24 hours. From (8) and (11); delivers 
to (10). 

10. Two trommels, 4 X 6 feet, having 0.875-inch round holes punched in 
steel plate, speeds of 17 revolutions per minute, and slopes of L75 inches to 
the foot. Each lasts 143 days or while screening 64,000 tons and requires 1 
horse-power wdien handling at the rate of 660 tons per 24 lu>urs. From (9) ; 
deliver oversize to (11) and underside to (12). 

11. Colorado Iron Works improveil standard rolls, 16 X 40 inches, making 
100 revolutions per minute, crushing 450 tons per 24 honrs to 0.75 inch, and 
requiring about 29 horse-pow*er. Latrobe steel shells and ca&t-iron cheek plates 
last 112 days or w^hile crushing 47,900 tons. Babbitt fur the bearings lasts 
180 days or while crushing 76,500 tons. From (10) ; deliver crushed ore to (9). 

12. Two trommels, 4X8 feet, having 8-millimeter round holes punched 
10 steel plate, speeds of 17 revolutions per minute, and slopes of 1.75 inches to 
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the fcK>t. Each lasts 28 days or while screening 15,100 tons -and requirca 1 
horse-power when handling at the rate of 660 tons per 24 houra. From (10) 
and (14); deliver oversize to (13) and undersize to (15). 

13. Allis-Chabiiers Reliance style **A'^ rolls, 14 X 3G inches, making K30 
revolutions per minute, cmshing 450 ton*? per 24 hours to 5 millimeters, and 
requiring about 22 horse-power. Midvale steel slieils and cai5t-«steel cheek platea 
last 137 days or while cmshing Gl,5tK) tons. Bronze bushings and east-imii 
followers last 360 days or while crushing ISO^OOO tons. From (12); deliver 
crushed ore to (14). 

14. Sixteen-inch elevator with an 8-ply rubber belt having a speed of 310 
feet per minute, a life of 540 days, or while handling 220,*X)0 tons, and bucket,*?, 
7 X 14 inches, set 20 iiu^hes apart, which elevale the ore 40 feet and have a 
life similar to that of the heh* The upper pulley is 30 and the lower pulley 
30 inches in diameter. Handles 450 tons p>cr 24 hours. From (13); delivers 
to (12). 

15. Vezin sampler, 4 feet in diameter, making 20 revolutions per minute, and 
cutting out 5% of the ore. Requires atout 0.4 horyie-powcr. From (12); de- 
livers sample to (10) and reject to (17). 

16. Vezin sampler, 3 feet in diameter, niakhig 20 revolutions per minute, 
and cutting out iy% of the ore fed, or 5 pounds per ton of ore milled. Requires 
about 0.4 horse-power. From (15); delivers sample to assayer and reject to 

17. Fourteen-inch 6-ply Robins belt conveyor with a conveying length of 
200 feet, a speed of 300 feet per minute, elevating the ore 20 feet, ami requiring 
about 5 hoi-se-power when handling ore at the rate of 600 tons per 24 hours. 
From (15) and (10); delivers to (IS). 

Concentrator which i^ in two sections. Only one section is described, 

IS. Mill storage bin of 340 tons capacity. The mill feed has about the 
following screen analysis : 



Scrcexi Si^e. 


Ptrecnt Weight. 


Tlw)i]g}i S afi'd (vn 4 mU lintctcfs . . . 


20.9 
17.1 

4S,S 


4 " " 2.6 " ,_... .,,.,. 


2.fi " " 10 mesh. 10 wire ...... 


" 10 tnc^i ID wins f. «».•>.<.. .... 




TuloJ 1 * . ♦ - 


100.0 





From(17); delivei-s to (U)). 

19. Two plunger feeders making 68 1,5-inch strokes per minute. From 
(18); deliver to (20), 

20. Twelve-inch elevator with an S-ply rubber belt having a speed of 3*14 
feet per minute, a life of 720 days, or while handling 330, 0(X) tons, and buckets, 
6 X 10 inches, set 20 inches apart which elevate the ore 00 feet and have a 
life similar to that of the belt. The upper puUey is 36 and the lower pulley 30 
inches in diameter. Handles 300 tons per 24 hours. From (19); delivers to 

21. Two trommels, 4x6 feet, having 4-niiIlimeter round holes punched 
in steel plate, speeds of IS revolutions per minute, and slopes of 1.5 inches to 
the foot. Each hists 103 days or while screening 40,500 tons and requires 1 
horse-power when handling at the rate of 600 tons per 24 hours. From (20) ; 
deliver oversized to (22) and und<'i*size to (27). 

22. Two double 1 -compartment Harz jigs with 5-ineh beds, 8-mesh, 18- 
brass wire sieves, 19.5 X 36 inches, and plunger,^ making 160 1.5-inch strokes 



per minute. From (21), 37 gallons of water per minute from (93), 8 gallons 
from (91)| and 4 gallons from (90); deliver side *li,seharge and hutf h products, 
as first-class concentrates, together with 4 gallons of water per nn'nute, to (82), 
and tailings with 45 gallons of water per minute to (23). 

23. Silver Lake inclined de watering screen. From (22) ; delivers drained 
tailings to (24), 33 gallons of water per minute to (5U), and 12 gallons to (43). 

24. P'eed hopper having a capacity of 5 tons. From (23) ; delivers to (25) 
and leakage to (50) « 

25. Plunger feeder making 1-inch strokes. From (24); tlelivers to (26). 

26. Allis-C'hahners Rc4iance style '*A" rolls, 14 X 30 inches, making 80 
revolutions per minute, run wet, crushing 175 tons per 24 hours to 0.125 inch, 
and requiring about 17 hor.se-power. Midvale and cast -steel shells last 77 
days or while crushing 40,300 tons. Bronze bushings and rast-iron foUowei-s 
last 300 days or while crushing 180,000 tons. From (25); deliver crushed ore 
to (34). 

27. Two trommels, 4X6 feet, having 2.5-millimeteT round holes punched 
in steel plate, speeds of 18 i^evolutions per miimte, slopes of L5 inches to the 
foot, lasting 89 days or while screening 37,050 ions, and requiring 1 horse-power 
when handling at the rate of 4(H) tons per 24 hours. Run diy. From (21); 
deliver oversize to (2S) and untlersize to (30). 

28. One double 1-compartnient Harz jig with a 4-inch bed, 5-mesh . 17- 
brass wire siev^e, 19.5 X 30 inches, and a plunger nuikiug 205 0.75-inch strokes 
per minute. From (27), 28 gallons of water per ininute from (90) and 15 gal- 
lons from (91); delivers hutch product, as first-class concentrates, together with 
8 gallons of water per minute, to (S2), and tailings with 35 gallons of water per 
minute to (29)* 

29. Feed hopper having a capacity of 5 tons. From (28) ; delivers to (36) 
and leakage to (50). 

30. Two trommel:^, 4X6 feet, having steel wire-cloth screens of 10 mesh, 
19 wire, speeds of 18 revolutions per minute and slopes of L5 inches to the 
foot. Each last^ 130 days or while srreening 03.3<i0 tons and requires 1 horse- 
|>ower when handling at the rate of 300 tons per 24 hours. From (27), 30 
gallons of spray water pe*r minute, and IS gallons to carry the feed, from (01); 
deliver oversize to (31) and undersize with 54 gallons of water per minute to 

31. One double 2-eompartment Harz jig with sieves, 19.5 X 30 inches. 
The first sieves are of 10-mesh, 22*brass wire cloth and the second of punched 
steel plate with 2-miyimeter round holes. The plungers make 220 0.5025-inch 
strokes per minute. From (30), 15 gallons of water in the feed per minute 
from (91) and 22 gallons of fresh water from (IK)); delivers both hutch products 
as first-elass concentrates, together with 8 gallons of water per minutt* to (82) 
and tailings with 29 gallons of water per minute to (42). 

32. Richards' vortex classifier with one 18-inch compartment and one 4-inch 
sorting column. From (30) and 12 gallons of hydraulic water per minute from 
(04) ; delivers spigot together with 8 gallons of water per minute to (33) and 
overflow with 58 gallons of water per minute to (47). 

33. One double 3-compartment Harz jig with sieves, 19.5 X 36 inches. 
The first antl second sieves are of 10-mesh, 22-brass wire cloth and the third of 
punched steel plate with 2-minimeter round holes. The plungers make 285 
strokes per minute. Tiie length of the strokes in the first and third compart- 
ments is 0.375 inch and in the second 0.3125 inch. From (32) and 45 gallons 
of fresh water per minute from (90) ; delivers the first hutch products together 
with 3 gallons of water per minute, as first-class concentrates, to (82) ; the second 
hutch products with 5 gallons of water per minute, as second-class concentrates 
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to (82); the third hutch products with 7 gallons of water per minute, as second- 
class concentrates, to (G2) ; and the tailings with 38 gallons of water per minute 
to (61). 

34. Two 14-iiirh elevators with 8-pIy rubber belts liavin^ speeds of 343 
feet ]wr minute. Each has a life of 260 days, or while handling 62,250 tons, _ 
and buckets, 6 X 12 inches, i5et 18 inches apart, which elevate the ore 65 feet m 
and have a life isiniiittr to that of the bell. The upper pulleys are 36 and the ■ 
lower 30 inches in diameter. Each handles 120 tons per 24 houi-s. From 
(26) and (30), 12 gallons of water per minute from (00) to carry the feed from 
(26), and 6 gallons of fresh water from (93); deliver with 73 gallons of water 
per minute to (35). 

35. Two trommels, 4X6 feet, having 2.5-mLlliraetcr round holes punched 
in steel phitc, .speeds of IS revolutions per minute, ami slopes of 1.5 inches lo 
the foot- Each lasts 130 tlays or while screening 62,600 tons and requires 1 
horse-powT^r when hamlling at the rate of 3(M) tons per 24 hours. From (34) 
and 31 gallons of spray water from (91); deliver oversize to (36) and under- 
Bize with 101 gallons of w^atcr per minute to (37). 

36. Two Allis-Clialmers Reiuuice style *'A" rolls, 14 X 30 inches, making 
100 revolutions per miiuite, cru.shing 300 tons per 21 hours when set close, and 
requiring 22 horse-power. Mid vale steel shells last 95 days or while crushing 
-15,400 tons. Cast-iron cheek plates last 01 flays or whih^ crushing 43,300 tons. 
Bronze bushings ami cast-iron followers last 360 days or while crushing 180,000 
tons. From (20) and (35), 20 gallons of water per minute from (01) to carrj^ 
the fee:?d from (35) ; deliver crushed ore with 55 gallons of water per minute 
to (34). 

37. Tw^o trommels, 4X6 feet, with details &s in (30). Each lasts 143 days 
or while screening 63,H50 tons and requires I horse-powder when hanrlling at 
the rate of 250 tons per 24 hours. From (35) ami 54 gallons of spray w^ater 
per minute from W); deliver oversi?.e together with 40 gallons of water per 
minute to (3K), and unrlersize with IIS gallons of water per minute to (40). 

3S. One 3-inch Rich art Is' vortex classifier. From (37) with 23 gallons of 
hydraulic wat(*r per minute from (04); delivers spigot together with 12 gallons 
of water per minute to (39) and overflow with 51 gallons of water per minute 
to (40). 

30. One double 2-compartment Harz ]ig with sieves, 19.5 X 36 inches. 
The first sieves are of 10-mesh, 22 -brass wm cloth and the .second of pmn^hed 
steel phite with 2-millimeter round holes. The plungers make 220 0..*>ti25- 
inch strokes per minute. From (3S) with 22 gallons of fresh water per minute 
from (00); tlelivers both hutch protlucts^ us first-class coHrentrates, togetlier 
with S gallons of water per nu'nute to (82) and tailings with 26 gallons of water 
per minut(* to (42), 

40. Rieliards* vortex cUissifier with one 24-inch compartment and one 4- 
inch aurting column. From (37) and (38) with 12 gallons of liydraulic water per 
nunute frotji (04); delivers spigot together with 8 gallons of water per minute 
to (41) and overflow ^vith s:3 gallons of water per minute to (47), and wuth 90 
gallons of water per minute to (40). 

41. One double 3-cotnpartment Harz jig with sieves, 19.5 X 36 inches. 
The first two sievf^s are of 10-mesh, 22-brass wire cloth and the third of punched 
st(*(4 plate w^ith 2-millimeter round holes. The plungers make 2X5 strokes 
per minute. The length of the strokes in the first ami third compartments is 
0.375 iufh and in the second compartments 0.5625 inch. Fronj (40) with 45 
gallons of fresh wat(*F per minute from (00) ; delivej*s the first hutch products 
together with 3 gallons of water per minute, as first-class concentrates, to (82); 
the second hutch products with 5 gallons of w^ater per minute^ as second-class 
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concentrates, to (62); the tliini hutch products with 7 gallons of water per 
minute, as srrond'rla*s,^ rooecatrates, to (52); and the tailings with 38 gallons 
nf water per luinute to (51). 

42. One 5-ton feed tank with a t^pi^ot. From (31) and (30) with 42 gallons 
of hydraulic water per minute, and 10 gallons j)^ r ndnute in the feed, from (90) ; 
delivers spigot togetlier with 36 gallons of water per minute to (43) and over- 
flow with 71 galluns of wat*T per minute to (50), 

43. Two 5'ff»ot Huntington mills makhig 72 revolutions per minute. Each 
crushe.^ 30 tons per 24 hours through a Ti-mt^sh No. 1 iieerlle slotted-steel screen 
and ret|uire*s about 11 horse-powrr. Latiulje steel dirs lust 2S5 days or while 
crushing 73,917 tons. Latrobe steel roller shells last N3 days or while crush- 
ing 64,750 tons. Steel screens hist 57 days or while crushing 21,660 tona. 
From (42) with 12 gallons of water per iiiinutL' from (23); deliver pulp with 48 
gallons of water per minute to (44). 

44. One 16-int4i elevator with an S-ply rubber belt having a speed of 375 
feet per minute, a life of 240 days, or while handling 140,000 tons, and buckets, 
7 X 14 inelies.set 18 inches apart, wliich elevate the ore 33 feet and have a life 

imihir to that of the belt. The upper pulley is 30 and the lower 30 inches in 
iameter. Handles 60 tons per 24 hours. From (43) with 4 gallons of fresh 
water prr minute from (91); delivers to (45). 

45. Richards* vortex chtssifier with one 24-incli compartment and one 4- 
inch sorting column. From (44) with 12 gallons of hydraulic water per minute 
from (91); delivers spigot together with 12 gallons of watrr ]wr minute to (46) 
and the ov(*rflow with 52 gallons of water per minute to (47). 

46. One double 3-compartment Harz jig with sieves, 10.5 X 36 inches. 
The first and second sieves are of 10-mesh, 22dirass wire cloth and the third 
are of punched-steel plate with 2-tnillimeter round holes. The plungers make 
285 strokes per minute. The length of the .strokes in the first and third r^om- 
parlments is 0.375 inch and in the second compartnumts 0.5625 incli. From 
(45) with 45 gallons of fresh water per minute from (00) ; delivtTs the first hutch 
products together with 4 gallons of water frer mimite,tis first-f4ass concentrates, 
to (82) ; the second hutch products with 6 gallons of water per minute, as second- 
class concentrates, to (62) ; the tliird hutch products with S gallons of water 
per minute, as second-cla.ss concentrates, to (o'i)] and the tailings with 39 gal- 
lons of water per minute to (51). 

47. One 4-fo<»t 8pitzkasten. From (32), (40), and (45); delivers spigot to- 
gether with 50 gallons of watrr per minute to (4S) and overflow with 143 gal- 
lons of water per ndnute to f65). 

48. One Richards' 2-sijigot rlassifirr. From (47) with 12 gallons of hydrau- 
lic water per minute from (04) ; delivers the first sj>Igot together with 12 gallons 
of water per minute to (50) , the second spigot with lU gallons of water p(^r minute 
to (5S), and the overflow with 40 gallons of water per minute to (tM). 

49. One Richards' 3-inch vortex classifier. From (Ift) with 10 gallons of 
hydraulic water per minute from (04); delivers spigot togetlier with 10 gallons 
of water per minute to (54) and overflow with 90 gallons of water per minute 
to (G4). 

*50. One 4-foot sand trap. From (23), (24), (29). and (42); delivers spigot 
to (51) and ovr^rflow to (66). 

51. One 14-inch elevator with an 8-ply ndiber belt liaving a speed of 340 feet 
per minute, a life of 325 days, or while handling 92,(JOO tons, and buckets, 6 X 12 
inches, set 16 inches apart, which (4evate the ore 20 feet and have a life similar 
to that of the belt. The upper pulley is 36 and the lower 30 inches in diameter. 
Handles 60 tons per 24 hours. From (41), (46). and (50) with 4 gallons of fresh 
water p^r minute from (91); delivers 81 gallons of water per minute to (76). 
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52. One No* 5 Wilfl(*y tabln muking 243 l-inch throws per minute. From 
(41) with 12 gfillons of wa^h wutcr per minute from (90); delivers lead con- 
centrates togetiier with 2 gallons of water per minute to (Sli), midfiling^ with 

3 gallons of water per minute to ('j(|), tailings with S gallon^? of water per minute 
to (o3), and backwater with 6 galloas of water per niioute to (77). 

53. One No. 4 Willley table with details as in (52). From (52) with 6 
gallons of w^ash water per minute from ((37) ; delivera copper roEicentrates to- 
gether with 2 gallons of water per minute to (84), zinc middlings with 4 gallons 
of water per nu*nute to (S5), and tailings with 8 gallons of water per minute 
to (63). 

54. One No. 5 Wilfley table with details as in (52). From (49) with 12 gal- 
lons of wash water per minute from (90); delivers lead concentrates together 
with 2 gallons of water per minute to (Si^), middlings with 3 gallons of water 
per minute to (6()), tailings with 10 gallons of wnter per minute t^ (t>ii), and 
backwater with 7 gallons of water per minute to (77). 

55. <Jne No, 5 Wihley table with details as in (52). From (4fi) with 12 gal- 
lons of wavsh water per minute from (LH)) ; dfdivrrs lead concentrates together 
with 2 gallons of water per nnnute to (s3), middlings with 4 gallons of water 
per minute to (5t»), tailings with S gallons of water i>er minute to (57), and back- 
wati*r with gallons of watei* per nunute to (77). 

56. One No. 5 \\'ilHey table with drtails as in (52). From (52) and {55) 
with gallons of wash water pvr nnnute fnun (67); <l(4ivers copper concentrates 
togcthrr with 2 gallons of wati'r per minute to (?<4)» zinc nuddlings with 5 
gallons of water per minute to (So), and backwater with G gallons of water per 
minute to (77). 

57. One No. 4 Wilfley table with details as in (52). From (55) with 6 gal- 
lons of wash water per minute from (67) ; delivcrsi copper concentrates together 
with 2 gallons of wati^r per minute to (S4), zmc middlings with 3 gallons of 
water (>er nunute to (Sfi), tailings with 8 gallons of water per minute to (t>i)^ 
and backwati^r with 1 gallon of water per minute to (77). 

5S. One No. 5 Willlry table with detail.s as in (.Vi). From (IS) with 12 
gallons of wash waiter per minute from (tK)) ; clrlivcrs lead concentrates together 
with 2 gallons of water per minute to (.s;]), nuddlings with 4 gallons of water 
per minute to ((>0), tailings with 9 gallons of water per minute to (63), and back- 
water with 7 gallons of water j>er minute to (77). 

59. One No. 5 Wilfley table with di^tails as in (52). From f4S) with 12 gal- 
lons of wash water per minute from (90); delivers Icatl conceid rates together 
with 2 gallons of water |)cr minute to (S3), middlings with 4 gallons of water 
per miimte to (60), tailings with S gallons of water per minute to (63), ami 
backwater with 10 gallons of water per minute to (77). 

60. Otm No. 5 Wilfley table with details as in (52). From (54), (5S), and 
(59), with gallons of wash water pt^r minute from (67): delivers lead concen- 
trates together with 2 gallons of water per minute to (S3), /inc middlings with 

4 gallons of water per nunute to (So), tailings with 5 gallons of water per 
minute to (63)^ and backwater with G gallons of water per minute to (77). 

61. (3ne No. 5 Wilfley table with details iis in (52). From (33) with 6 
gallons of wnsh water prr minute from (07); delivers copper concent rates to- 
gether with 2 gallons of water per minute to (S4), zinc middlings with 3 gallons 
of wattT per minute to (S5), tailings with 10 gallons of water per minute to 
(6^^), and backwater with 29 gallons of water per minute to (77). 

62. One No. 5 Wilfley table with details as in (52). From (33), (41), and 
(46), with 6 gallons of Wiish water per minute from (67); delivers lead concen- 
trates together with 3 gallons of water pi^r minute to (Ki), co|>per concentrates 
with 2 gallons of water per minute to (S4), zinc middlings with 3 gallons of 
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water per minute to (85), and backwater with 16 gallons d^water per minute 
to (77). 

6^3. Two 16-iorh elevators with J^l-ply rubber bt^ts having speeds of 360 
feet per minute, Earh has a life of 3()0 day.^, or while handling 115,0DIJ tons, 
and bucket!?, 7 X 14 inches, set IS inche.s apart, which elevate the ore 43 feet 
and have a life similar to that of thi' belt. The upper pulleys are 36 and the 
lower 30 inches in diameter. Each handles about 75 tons per 24 hours and 
requires about 3 horse-power. From (53), (o4), (57), (58), (511), (60), (61), 
and (71), with 10 gallons of fresh water per minute from (80); deliver 74 gallons 
of water per minute to (76), 

64. One conical slime thickener with a capacity of 1,700 gallons. From 
(48) and (40) ; d*'livers spigot to>;etlier with 7 gallons of water per minute to 
(68) and overflow with 123 gallons of water per minute to (77). 

65- One slime-thickening tank with a capacity of 5,(MJ0 gallons. From 
(47); delivers spigot together with IS gallons of water per minute to (6S) and 
two overilows with 125 gallons of water per minute to (67). 

66. One w^oodea settling tank with a capacity of 1,500 gallons. From 
(50); delivers spigot together with 9 gallons of water per minute to (77) and 
overflow with 95 gallons of water pt^r minute to ((»7). 

67. One water tank with a cap:icity of 1,(I0(J gallons. From (65) and (66); 
delivei-s spigot together with 10 gallons of water per minute to (77); discharge 
with 103 gallons of water [>er minute to (53), (56). (57), (60), (61), (62). (68), (69), 
and of this amount 24 gallons per minute are required to wash along the lead 
concentrates in the launtlers from the Wilfley tables ami vannei's to (Ki) and 
7 gallons per minute to wash the copper concentrates from the WilHt^y tablea 
to (84) » ^\l.so delivers the overllow with 107 gallons of water per minute to 

68. Five 6-foot Frue vanners making 1-inch throws. Each vanner handles 
about 9 tons jier 24 hours. From (61) and (65) with 4 gallons of wash water 
per min!:t(' for each vanner from (67); d(*Iivrr concentrates together with 5 
gallons of water per minute to {Kl) tuid tailings with 10 gallons of water per 
minute to (70). 

69. Four *>foot Frue vanners with details as in (t)8). From (72) with 

4 gallons of wash water per minute for each vanner from (67) ; deliver concen- 
trates together with 4 gallons of water per minute to {Ki) and tailings with 
28 gallons of water per minute to (74). 

70. One Iti-inch elevator with details as in (63). From (Q^><) and (81) with 

5 gallons of fresh water per minute fn>m (SO); cleliv(»rs to (71). 

71. Richards' vortex <4assifier with one IG-ineh compartment, one 3*inch 
sorting column, and no rising current. From (70) ; d<'livers spigot together with 
G gallons of water per minute to (63) and overflow with 61 gallons of water 
per minute to (72). 

72. One 5*foot conical pulp thickener. From (71); d<4ivers spigot together 
with 16 gallons of water per minute to (69) and overflow with 15 gallons of 
water per minute to (73). 

73. One 10-foot conical pulp thickener. From (72) ; delivers spigot together 
with 20 gallons of water per minute to (74) and overflow with 25 gallons of water 
per minute to (77). 

74. One 54-inch Frenier pump with a 16-foot lift. From (69) and (73); 
delivers to (75). 

75. Three canvas tables, 12 X 20 feet, with slopes of 2.25 inches to the foot 
and covered with 18-ounce duck. From (74) with 10 gallons of wash water 
per minute from (89) ; deliver leacl concentrators together with 5 gallons of water 
per minute to (S^-5) and slime tailings with 53 gallons of water per minute to waste. 
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76* Three tailings settling tanks, 10 X 10 feet. From (51) and (G3); de- 
liver discharges intprinittently together with 25 gallons of water per nunut<^ 
via bottom gates ami S*toii cars, to waste, and overllows with 130 gallons of 
water per minuto to (77). 

77. Four elarifving tanks, 9 X IS feet. From (52), (54), (55), (56), (57), 
(58), (50). (60), (01), ((32), (04), (00), (07), (73), (70), (SI), and (SO); deliver 
spigots togefh<^r with 51 gallons of w^ater per minute to (7S) and ovurflows with 
*iy7 gallons of water per minute to (SS). 

7S. One sand tra[} wfiieli stTvrs botli sections. From (77); delivers spigot 
together with 3 gallons of water per niirmtt* to wiu-^te and overflow with 4S gal- 
lons of water \>vv niirmte to (70). 

79. Two 3-inch eentrifugal pumps which ser%'e both sections. One used 
and one lield as a reserve. From (7S) ; deliver IJS gallons per niimite to (SOK 

80. Two 54-inch Fn*nier pumps in serien and serving both seetions. From 
(79); deliver 4S gnlloiis per minute to (81). 

51, One pulp tliiekt^ner, 1) X IS feet, serving Ijoth seetions. From (SO); 
itelivers spigot tngetlier with 22 gallons of water per minute to (70) and over- 
flow with 20 gallons uf water per minute to (77). 

52. Eight cuarse-Iend concent rutes bins made of wood with bottom^ sloping 
at 45°. Each liolds 15 tons. Tlie product of these bins will assay about as 
fullows: 40.0';, in l(n\d, 1.0*;, in copper, 10.0*;, in iron, 7.0* <j in zinc, 4.0*^ in 
silica, 0.35 ounce in gold, and 29.0 ounces in silver per ton. From (22), (28), 
(31), (33), (30), (41), and (40); deliver overflows together w'ilh 39 gallons of 
w*ater per minute to (S7) anit coneentrates, via rack and pinion operated side 
gates, 1-ton tram bucket, 100-ton loa<ling bin, and cars, to smelter. 

83. Fine-lead concentrates bin, 10 feet lemg by 4 feet wide by 4.5 feet deep. 
Kaeh is made of concrete and liolds 30 tons. The product of these bins will 
assay about as follows: 32.0';, in leail, 1.5*; in coi>per, 14.0*7. in iron, 9.0^^, in 
ssiuc, 4.5* ;, in silica, t).4S ounce in gold, and 20.0 ounces in silver per ton. From 
(52), (54), (o^), (5S)^ (o9), (00), (62), (OS), (GO), (75), (77), and (OOJ ; deliver 
overflows togctlier witli 40 gallons of water per minute to (87) and concentrates, 
via shovel, patio, and cars, to smelter. 

84. Copper-concentrates bins for both sections. The product of these bins 
will as*4ay about as fullows: HAV^ in lead. \.S% in copper, 20. 0^^, in iron, 15.0% 
in 'Auw, ii.^* i in silica, 0.20 ounce in gold, and 13.0 ounces in silver per ton. 
From (53), (50), (57), (til), (02), and (77); deliver overflows togtnher with 15 
gallons of water per minute to (S7) and concentrates, via cars, to smelter. 

S>j. Ota* S-iiich elevator with a 0-ply bc4t having a life of 120 days, or while 
handling 57,300 tons, :tnd laickets, 4 X inches, set IS inelies apart, which ele 
vate the ore 4S feet, and have a life similar to that of the belt. The up[>er pulley 
is 30 and the lower IS inches in diameter. S^/rves both sections. From (53), 
(50), (57), (00), (Gl)^ and (02), with 3 gallons of water per minute from (89); 
delivers to (SO). ^ ^ 

SO. Three aine-set tling basins which serve both sections. From (S5) ; deli%'er 
settlings to stock jiile for future trentment in the proposed mngnetic plant, 
w4nch will be similar to the one installed at Velardena, and overflows with 24 
gallons of watf^' per nu'nute to (77). 

87. One concentrates-settling basin which serves both seetions. From (82), 
(83), and (84); deliv^^i-s overflow together with 04 gallons of water per minute 
to (88) and settlings periodically, via cars, to smelter. 

88. Lower nuun reservoir with a capacity of 210,000 gallons wliich serves 
both sections. From (77), (S7), and 104 gallons of water per minute from 
the scrubber at the gas phmt; deliver.^ to (SO). 

89. Two Morris centrifugal pumps. Only one used^ the other held in 
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re^serve. Serve both sections. Dirert connected to a General Electric S-phase. 
4-10-volt» 25-eycle, 85 horse-power motor making 750 revolutions per niiiinte. 
From (88); ileliver 381 gallons of water per minute to (90J, 286 gallons of water 
per minute to (91) and to {03), (70), (75), and (S5). 

90. One water tank with a capacity of SfiQi) Italians. From (su) ; tlelivers 
3 gallons of water per minute to wadi table eonientrates in launder to (83), 
43 gallons per minute to (92) and to (22), (28), (31), (33), (34), (30), (41), (42), 
(4ti), (52), (54), (55), (58), and (59). 

91.* One water tank with a capacity of 1,400 gallons. From (89); delivers 
81 gallons of water per minute to (94) and to (22j, (28), (30), (31), (35). (36), 
(37), (44), and (51). 

92. One 2.5-ineli (kmld centrifugal pump making 780 revfjlutionn pr^r minute 
and elevating 35 feet. From (*J0); delivers 43 gallons uf water p<^'r tjurmle to 

93* One water tank with a capacity of 390 gallons serving Ixjth sections. 
From (92); delivers to (22) and (34). 

94, One elai^sifier- water tank. From (01); tlelivers to (32), (38), (40), (45), 
(48), and (49). 

Labor and Wages. 

The mill is operatetl two r2-hour shifts per day and 7 days a week. There 
are employed ahout 5 Americans and 30 Mexicans per shift; the wages of the 
Aiiierieans being 10 Pi-sos, and for the Mexicans 2 Pesos for jig and table men 
and 1/20 Pesos for peons. 

Power. 

All machines are electrically driven and derive their power from the central 
power house which also furnishes all the power for mine ventilation, pumping^ 
lighting, etc. In this power house tltere are seven 205 horsr-powrr Auierican- 
CVosslev, 2-<^ylinder, 4-cycle gas engines operated on the Loomis-Pettihone 
Bystem of producer gas, using both coal and wood. Tlie old steam plant 
required 4 times as murh fuel as is now used. Th(* gas en^^ines an* beltetl to 
3-phase, 2.5-cycle, 4S0-volt generators, and the current so generated is distributeil 
from the central switchboard to the sevt*ral motors about tlie plant at the same 
voltage. The following motor distribution applies to the whole mill. All the 
motors are 3-phiise, 25-eycte, 440'volt, General Electric Company induction 
motoj's of type I, form K, and luiving synchronous speeds of 750 revolutions pt^r 
minute with the exception of the re-grinding motors which have speeds of 500 
revolutions per minute. 
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Waier. 

The Segovia pumping station has one Byron-Jackson, 3-stage, 300-gallon 
centrifugal sinking pump direct connected to a West,3-phase, 4'10-voh, 25-cycle, 
40 horse-power induction motor making 1/>00 revolutions per minute, and a 
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Jeansvillc 10 X 6 X 12-inch duplex plungpr pump as a reserve. This delivers 
217 gallon?? of water per minute to a clear-water reservoir which has a capariiy 
of 2,o00 t^allons. This reservoir delivers 10 gallonj^ per minute for use in the 
loeu motives, assay office, employees' living quartei"«, fire system, etc., and 207 
gallons per minute to the upper main re.servoir. 

The Palo Blanco pumping station has one Deane 8 by S4nch vertical triplex 
single-acting pump making 27 revolutioniS per minutn and one 10 X 5 X 13- 
inch CAmerjii sinker br>th b?lted to a G.-neral lOlectric 3-ph:ise, 220-volt, 50- 
cyde, 20 horse-powc^r induction motor making IKJO r.^volutions per minute. 
These deliver 3S gallons of water pra' minute to a clear- water reservoir which 
has a capacity of 2.700 gallons. Thi;3 reservoir delivers 6 gallons per minute 
which unites with the 10 gallons from the similar r servoir above referred io, 
and 32 gallons per minute to the upper oiairi reservoir. 

The power hiiuse pumping plant lias three Deane vertical triplex pumps, all 
making 40 revolutions per minut-e. One 8 X S inches, single acting; one 6X1* 
incheij, single acting; and one 5.5 X S inches, double acting. All are belted to a 
West :i-phase, 440-volt, 2")-rycIe, .30 iiorse-power induction motor making 1.500 
revolutions per miimte and deliver 205 gallons of water per minute to tho 
upper mi in reservoir. 

The upper nuiin rc-servoir has a capacity of 232,000 gallons and delivers 321 
gallons of water per minute to the gas plant, which evaporates IG gallons per 
minute and delivers live remainder to the lower main reservoir, and 216 gallons 
per minute to the power house, whicli evaporates 11 gallons per minute and 
delivers the remainder back through the pumps to the upper main reserv^oir. m 

The lower nuiin reservoir has a capacity of 240,000 gallons and delivera" 
1,390 gallons of water per minute, via Morris centrifugal pumps (89), to the 
entire concentrator, which returns 1,182 gallons per minute and shows a loss 
of 208 gallons per minute, 93 gallons per minute to the auxiliary pumping plant, 
and 4 gallons pcu' nn'nute to the Tecolotes Arroya. 

The auxiliary pumping plant has one Worthington 0.5 X S-inch vertical^ 
single-acting triplex pump making 70 revolutions per minute and one Deane 
7,5 X 10-inch pump of similar style and dimensions making 52 revolutions per 
minute. Each is belted to a General Electric 3-phase, 220- volt, (>0-cycle indu 
tion motor, and they deliver 93 gallons of water per minute to the upper mai 
reservoir. 

The total water lost by the concentrator is 208 gallons per nunute out oi 
1,3*H) which are in circulation^ ami the total loss in the whole plant, including 
evaporation, etc., is only 235 gallons per niimite, 

§ 1472. Mill Ko. 140. Tei: New Wilfley Roaster MiLLOFTHECoLORAna 
Zinc Company, Denver, Coluhaoo.^* ^*' — The mill has a capacity of 75 tons 
per 24 hours. ^-^ The ores treated are sulphides of lea<l, zinc, and 'won contain-!^ 
ing small quantities of silver and gold in a quartz gangue, and the problem is to 
save and separate the lead, zinc, and iron values in which the silver and gold 
occur. 

The ore '*' comes via standard gauge railroad cars and track scales, and 
delivered to (1). 

L Bins. From cars; deliver, via feeder, to (2). 

2. Revolving drier. From (1); delivers to (3). 

3. Shaking screen of 20 mesh. From (2) and (5); delivers oversize to (4)! 
and undersize to (0). 

4. Rolls crushing dry. From (3); deliver crushed ore to (5). 

5. Shaking screen of 4 mesh. From (4); delivers undersisse, via (4evatorL 
to (3) and oversize, which is made up of pieces of wood, etc., to the waste dump* 

6. Storage bm. From (3); delivers to (7). 
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7, Wilfley roasting furnace^* From (6); delivers ore, with the pyrite 
roasted to a magnetic aulphide^ to (K), From 10 to 1.5% of the sulphur is 
driven oflf. The fuiiiace iia.s a eapueity of lUt* tuiiH per 24 hours and uses 25 
gallons of water per minute in the water jacket.s. 

8, Water-jacketed sei-ew conveyor. From (7); delivers cooled ore, via ele- 
vator, to (U). 

9, Storage bin. From (8); delivers to (10). 

10, Four Dmgs magnetic Beparatora. From (9) ; deUver a magnetic or iron 
product, representing from 40 to 50* f, of the fred, to (IS) and a non-magnetic 
or lead-zinc-siliea product, representing from 45 to 35% of the fwd, to (11). 
Each separator has a capacity of 15 tons per 24 hours and requires 0.5 hoi'se* 
power for mechanical drive and L5 hoi^e-powcr for exciting the magnets. 

11* Shaking screen of 40 mesh. From (10); delivers oversize to (12) and 
undersize to (13). 

12. One Wilfley table. From (11); deUvei-s zinc concentrates to (17) and 
silica tailings to w^aste in creek, 

13. Two Wilfley tables. From (U); deliver lead^zinc concentrates to (14), 
zinc-silica middlings to (15), and silica tailings to waste in creek. 

14. One Wilfley table. From (13); delivers lead concentrates to (IG) and 
zinc concentrates to (17). 

15. One Wilfley table. From (13); delivers zinc concentrates to (17) and 
silica taihngs to waste in creek. 

10. Shipping bin for lead concentrates. From (14); dehvers, via railroad 
cars, to smelter. 

17. Shipping bin for zinc concentrates. From (12), (11), and (15); delivers^ 
via railroad cars, to smelter. 

18. Shipping bin for iron products. From (10); delivers, via railroad cars, 
to smelter. 

In roasting, the high temperature changes the zinc ami lead sulphides in 
such a manner that even the finest particles will not float. This makes it 
possible to makn a veiy close separation of the leHil and zinc mineials on the 
tables. When treating this roasted ore on the tables the wash wattT runs 
clear. Whni the same ore is treated in crutle form without roasting, the wash 
water will contain from 10 to 15% of leady-zinc slimes. j 

The mill runs three S-hour shifts per day. Four men per shift are employed. 

J 1473. Mill No. 141. Concentrating Mills of the Kmhhe Zint Com- 
PAXY, Caxos City, Colorado. *^^ — Crushing phmt for both the wet and dry 
mills. Three horse-power is required per ton of ore treated to run the machinery 
in this department, ■ 

The ores from various mines are delivered to (1). 1 

1* Railway cars. From the mines; delivrT to (2). 

2* Grizzly with I -inch spaces between the bars, 78 inches long by 30 inches 
wide, and having a slope of about 2t)^, There are IS bars each 0.75 X 2 X 78 
inches. From (1)| delivers oversize to (3) and undc^i'size to (4). 

3. Blake breaker with a jaw opi^ning 10 X 20 inches and making 230 thmsta I 
per minute. From (2); delivers crushed ore to (1). 

4. Two 18-inch belt conveyoi*s w^ith S*ply canvas lH4ts liaving conveying 
lengths of 10 feet, speeds of 2*]0 fet!t per minutt% and slopes of 12'='. From (2) 
ami (3); deliver to (o). 

5. Sixteen-inch elc^vator with an S-ply canvas belt having a speed of 300 j 
-.feet per minute, 14-inch pressed-steel buckets set 20 inches apart, and elevating 
khe ore 20.5 feet. From (4) and (S); delivei"s to (0). 

^ 0. Kigid steel perforated plate, 18 X 72 inches^ having perforations 0.5 X 1 
inch and a slope of 43*^. From (5) ; delivers oversize to (7) and undersize to C^V 
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7. Geared rolls, 16 X 36 inches, making 28 revolutions per minute^ anil iwi- 

ing forgf*<l-4^t«*el «holls. From (6); deliver crushed ore to (8). 

8. Trommel, 2.0 X 8.5 feet, making 20 revolutions per minute, and haviJig 
sheetHsUtel plates with perforations 0.5 X 1 inch. From (7); delivers ovemxe 
to (5) and undersize to (9). 

9* Fourteen-iuch elevator with an 8-ply canvas belt having a speed of 300 
feet per ininut(\ 12-inch preKsed-j^teel buckets set 20 inches apart, and elevating 
the ore 5,5 feet. From ((i) and (H); tlelivej-s to (10). 

10. One wooih*n crushednjre bin having a rapacity of 250 tons and a botlom 
sloping at 50*^. From (9); delivers, via ore feeder and chute, periodically to 
(11) and (38;. | 

Wet Mill 

This mill has a capacity of 50 tons per 24 hours and was erected in 19€1 
before magnetic separation was found suitable for many of the Colorado ziac 
ores. It hiuidlL's ures containing galena and sphalerltt^ with pyrite and siUca; 
but yince the erection of the dry mill, the wet mill h only used for such ores 
as are .s\iitable fur that treatment and cannot be satisfactorily worked magneti- 
cally. The prnblem is to save the gold and silver-bearing galena and i?phalerite. 
This department requires 23 horse-power to run the machineiy and shafting 
per ton of ore treated. 

11. Fourteen-inch belt conveyor with a 6-ply rubber belt having a convey- 
ing length of 1 1 feet, a speed of 250 feet per minute^ and run level. From (10); 
delivers to (12). 

12. Thirteen-inch elevator with a 6-ply canvas b<*lt having a speed of 300 
feet per minute, 12-inch pressed-strel buckets set 3t> inrbes apart, and elevating 
the ore 30. 07 feet. From (11); delivers to (13). 

13. Trommel with a screen having 5 meshes to the inch. Water is first 
inirotkiced here. From (12J and (15); delivers ovei-size to (14) and under* 
size to (10). 

14. Rolls, 10 X 30 inches, making 55 revolutions per minute, and having 
forged steel shells. From (13); tieliver crushed ore to (15). 

15. Thirteen-inch elevator with a 0-ply rubber belt having a speed of 300 
feet |>er nnnute, 12-inch pressed-steel buckets set 36 Inches apart, and elevating 
tlie t»re ^1.12 feet. From (14); delivers to (13). 

10. Callow du[)lex belt-screen using 16 and 18 mesh, Nos. 20 and 28 brass 
wire cloth screens respectively, and having a speetl varying according to the 
capacity required. No. 30 gauge wire is better than 20 and is about the coarsest 
thsit shou!<l be u.sed, as the wear is due to bending the wires around the drum 
ratlu^r than to the direct wear of the ore. A screen lasts about 5 weeks and 
handles about 1 ,50t} tons of ore. It does good work and should be especially 
satisfactory on the finer sizes. This screening was formerly performed by 
shaking screens, but these were expensive to keep up and weie the cause of 
many shut-rlowns. From (13) and (20); delivers oversize to (17) or (10) and 
undersize to (21). 

17. Out' New Century, 5*compartment, drop-motion jig. Jig and plunger 
compartments of same sixe, the sieves being matle of perftirated brass plate 
23,5 X 35 inches. 0.094-inch lioles in No. 16 platr, also tL0S4-inch and 0.05- 
inch holes in No. 22 plate, are used. Plungers make 155 strokes per minute. 
From (10): delivers lead or iron product, via wheelbarrow, to (37), middlings 
to (18), and tailings to dump. 

IS. Belt scraper or dewaterer having sheet-steel blades, 5 X 5 X 12 inches, 
bolt(*d inches apfirt onto a rubber belt 12 inches wide traveling up a 34° slope 
at a speed of 35.3 feet per minute. Pulleys are 30 inches in diameter and 13.5 
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feet between centers. A wooden bottom extends all along the lower hulf of 
th*' belt and about 6 in<4ies below" it. Designed by R. M. Henderson* From 
(17); delivers ore to (10) and water to (29), 

19. Rolls, 16 X 36 inches, making 75 revolutions per minute, and having 
forged-steel shells. From (16) and (18); deliver crushed ore to (20). 

20. Thirti't*M-ineh (^levator with a 6-ply rubbiT brlt having a speed of 300 
feet ptT minute. Ti-inch pmssed-steel buekets set 30 inches apart, and elevating 
the ore 34.5 feet. From (19); delivers to (16). 

21. Btj^s and Clarke, No. 2, centrifugal iiump having a eapaeity of about 
45 tons and a lift of 15.5 feet. From (16) and (33); delivers to (22). 

22. Iron rone-dassifier built by the Mine and Smelter Supply Company, 
20 inches in diameter and 43 inches high. F'rom (21); delivers spigot to (24) 
and overflow to (23)* 

23. Iron V-shaped settling tank, 8 X 10 X 16 feet, having 9 spigots. From 
(22) and (33) ; delivers spigots to (25) and overflow to welL 

24. Two No. 4 Wilfley tables making 250 strokes piT minute. From (22) ; 
dehVer lead and zine products to (26), middlings to (27), anti tailings to (2S). 

25. Four No, 4 Witfley tables making 250 strokes per minute, From (23) ; 
deliver lead and zinc products to (26) and (34), tailings to (2S), and slimes to 

26. Two 49-foot shaking launders making 200 1-inch strokes per minute, 
having slopes of 0.125 inch to the foot and driven by a Wilfley No. 4 special 
head-motion. From (24) and (25); deliver to (34). 

27. Two No. 4 Wilfiey tables making 250 strokes per minute. From (24) ; 
deliver lead and zinc products to (34) and tailings to (28). 

2S. Boggs and Clarke No. 1.5 centrifugal pump having a lift of 12 feet. 
From (24), (25), and (27); delivers to dump. 

29. Thirtt^n-inch elevator with a 6-ply rubber belt having a speed of 300 
feet per minute, 12-iiu'h pressed-steel buckets srt IS inelies apart, and elevat- 
ing the ore 20J7 feet. From (IS) and (25); delivers to (30). 

30. Wooden V-shaped settling tank, 8 X 12 X 14 feet. From (29); delivers 
spigot to (32) and overflow to (31). 

31. Circular settling basins, 27.5 feet in diameter and 3 feet de^'p at the 
centers and 1 foot at the rims. From (30) ; deliver settled slimes to settling 
pontl and clear water overflows to welL 

32. Boggs and Chirk*\ No. 1.5 centrifugal pump having a lift of 30 feet. 
From (30); delivers tu (33). 

33. Galvanized-iron cone clas.sifier, 12 inches in diumet(*r, made in I^-ad- 
ville. From (32); ilelivrjs spigot to (21) and overflow in (23). 

34. Two Ifi-foot shaking laumlei-s making 250 0.5-inrh strokes per minute, 
having slopes uf 0.25 inch to the foot antl driven by a No. 4 Wilfley head motion. 
8a.*»pended by boards from beams overhead. From (25), (26), and (27); de- 
liver to (35). 

35. Two Fn^nier spiral sand pumps. One, 6 x 54 inches, having a lift 
of 17 feet; and the other, 10 X 54 inches, Imving a lift of 20 feet. From (34); 
deliver to (36). 

36. Four wooden dewatering-boxes, 25 X 30 X 69 inches. From (35); 
deliver to (37). slimes to settling pontl, and clear water to welK 

37. Two wooden shippiuf^ bins each having a capacity of 250 tons and 
bottoms sloping 50^, One bin for lead-iron products and one for zinc-iron 
products. From (17) and (36): d<4iver, via ore feeders, chutf's, and railroad 
eara, to smelters. If much pyrite is |)resent in the zinc-iron product it is de- 
livered, via ore feeder and chute, to (38). 

Ill Uie wet mill there are employed two 12-hour shifts, excepting in some 
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cases where the men are required to do heavy, continuous manual labor, when 
the shifts are but 8 hours long. There are 3 men to a shift outside of those 
employed in loading the products from the shipping bins into the cans. Wages 
vary from $2 to $3.50 per shift. 

Water for running the wet mill and for fire protection is obtained from a 
reservoir at the foot of the hills, 2 miles away and at an elevation of 440 feet. 
The amount of water used has never been measured, but an estimate of 150 
gallons or less of fresh water, per ton of ore treat<id, when the wet mill is running 
continuously, has been given. Owing to the limited water supply available, 
all wat(»r leaving the mill is settled and, together with the clean water from 
the settling basins and wells, is re-used. 

Dnj Mill 

This department has a capacity of 150 tons per 24 hours and handles ores 
containing galena and sphalerite with pyrite and silica which are obtained 
from Ix^adville, Breckenridge, and other places. The problem is to separate 
the zinc minerals from the others. The ore is crushed and dried but not roasted. 
It is then screened to the proper sizes and treated on magnetic separators. 
The machinery from numbers (40) to (50) inclusive require 4.5 horse-power, 
and the remainder of the machinery including direct-current generators and 
shafting re(|uires 24 horse-power, per ton of ore treated. 

3S. Tw(4ve-inch belt conveyor wfth a 6-ply rubber belt having a eonve\'ing 
length of 9S feet, a sp(^ed of 155 feet per minute, and a slope, for a part of the 
way, of 19°. From railroad cars, (10), and som(^times from (37) ; delivers to (39). 

39. Two cast-iron revolving driers, 23 feet long by 40 inches in diameter, 
having no lining and making 5 revolutions per minute. (38) and (39) are driven 
by a 20 hoi-se-power General Electric alternating-current motor, through shaft- 
ing, belts, and gears. From (3S); deliver dry ore to (40). 

40. Hoe conveyor, 1.4 X 40.5 feet, with paddles set 9 inches apart and driven 
by a crank-arm motion. Manufactured by Stearns Rogers Manufacturing 
Company. From (39); delivers to (41). 

41. Thirteen-inch elevator with a G-ply rubber belt having a speed of 300 
fe(»t per minute?, 12-inch pressed-steel buckets set IS inch(*s apart, and elevating 
the ore 4S.5 feet. From (40) and (43); delivers, via roller feeder, to (42). 

42. Rowand incline screen with perforated steel plates, 4 plates wide by 10 
plates high, having slots 2.54 X 1.47 millimeters. Height required, including 
roller feeclcM*, 19 fiH^t. Very satisfactory for dry screening. From (41) ; delivers 
oversize to (43) and undersize to (44). 

43. Rolls, 16 X 30 inches, making 55 revolutions per minute and having 
forged-steel shells. From (42); deliver crushiHl ore to (41). 

44. Thirte(»n-inch elevator with a G-j^ly rubber b(4t having a speed of 300 
feet per minute, 12-inch pressed-st(K4 buckets set IS inches apart, and elevating 
the ore 4S.5 feet. From (42) and (40); delivers, via roller feeder, to (45). 

45. Rowand incline screen with slots 2.54 X O.Gl millimeter and other de- 
tails like those in (42). From (44) ; delivers oversize to (40) and undersize to (47). 

40. l^olls, 16 X 36 inches, making SO revolutions per minute and having 
forged-stc^el sh(41s. From (45); deliver crushed ore to (44). 

47. Fleven-inch elevator with a 6-ply rubber belt having a speed of 300 feet 
per minute, 10-inch pressed-steel buckets set IS inches apart, and elevating 
the ore 41 feet. From (45) or (48); delivers to (48) or (49). 

48. One wooden storage bin having a capacity of SO tons and a bottom 
sloping at 50 degrees. From (47) ; delivers, via ore feeder and chute, to (47). 

49. Dust remover which consists of a roller for distributing the on^ in a 
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stream through which air is pulled by means of 2 exhaust fans, the amount 
removed being regulated by openings in the front of the casing. Satisfactory. 
From (47); delivers dust to (69) and dust-free ore to (50) or (55). 

50. Eighteen-inch belt conveyor with a 6-ply rubber belt having a convey- 
ing length of 15.75 feet, a speed of 250 feet per minute, and run level. From 
(49) ; delivers to (51). 

51. One Rowand, type F, magnetic separator. From (50); delivers mag- 
netic product to (52) and non-magnetic product to (55). 

52. Six-inch belt conveyor with a 3-ply rubber belt having a conveying 
length of 33 feet, a speed of 250 feet per minute, and run level. From (51) ; 
delivers to (53). 

53. Seven-inch elevator with a 5-ply rubber belt having a speed of 210 feet 
per minute, 6-inch pressed-steel buckets set 18 inches apart, and elevating the 
ore 38.33 feet. From (52); delivers to (54). 

54. Wooden shipping bin having a capacity of 50 tons and a flat bottom. 
From (53); delivers, via ore feeder and railroad cars, to smelters. 

55. Eleven-inch elevator with a 6-pl3' rubber belt having a speed of 300 
feet per minute, 10-ineh pressed-steel buckets set 18 inches apart, and elevating 
the ore 53.25 feet. From (49) and (51); delivers, via roller feeder, to (56). 

56. Rowand incline screen with slots 2.54 X 0.69 millimeter and other de- 
tails like those in (42) . From {'yo) ; delivers oversize to (62) and undersize to (57) . 

57. Wooden storage bins each having a capacity of 50 tons and a flat bot- 
tom. From (56); deliver, via ore feeder, to (58). 

58. Six We therill- Rowand, type E, magnetic separators each having a 
capacity of 0.5 ton per hour. These machines, together with those in (65), 
require 42 amperes with 120 volts from a direct-current generator and each 
has 3 sets of magnets; the first with 30,000, the second with 60,000, and the 
third with 100,000 ampere turns. Repairs are stated to be few and the work 
very satisfactor}\ From (57); deliver products separately to (59). 

59. Six-inch belt conveyors with 3-ply rubber belts having conveying 
lengths of 35 feet, speeds of 250 feet per minute, and run level. From (58) ; 
deliver to (60). 

60. Six 7-inch elevators with 5-ply rubber belts having speeds of 210 feet 
per minute, 6-inch pressed-steel buckets set 18 inches apart, and elevating the 
ore 38.33 feet. From (59) ; deliver to (61). 

61. Wooden shipping bins each having a capacity of 50 tons and a flat bot- 
tom. From (60); deliver, via ore feeder and railroad cars, to smelters. 

62. Eleven-inch elevator with a 6-ply rubber belt having a speed of 300 
feet per minute, 10-inch pressed-steel buckets set 18 inches apart, and elevating 
the ore 27.75 feet. From (56); delivers, via roller feeder, to (63). 

63. Rowand incline screen with slots 2.54 X 1.07 millimeters and other 
details like those in (42). From (62); delivers oversize and undersize to sepa- 
rate bins in (64). 

64. Eleven wooden storage bins each having a capacity of from 15 to 20 
tons with a bottom sloping at 58°. From (63) ; deliver periodically, via iron 
gates and spouts, to (65). 

65. Four Wetherill-Rowand, type E magnetic separators with details like 
those in (58). From (64); deliver products to (66). 

66. Four 6-inch belt conveyors with 3-ply rubber belts having conveying 
lengths of 43 feet, speeds of 250 feet per minute, and run level. From (65) ; 
deliver to (67). 

67. Four 7-inch elevators with 5-ply rubber belts having speeds of 210 
feet per minute, 6-inch pressed-steel buckets set 18 inches apart, and elevating 
the ore 38.33 feet. From (66); deliver to (68). 
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68. Wooden shipping bins each having a capacity of 50 tons and a flat 
bottom. From (67) ; deliver, via ore feeder and railroad cars, both iron and 
zinc products to smelters. 

Dust System, 

69. Three Cyclone dust-collectors. From (19) anrl all screen and roll hous- 
ings, conveyors, elevators, etc., and deliver the dust to a bag house in which 
are cotton bags 30 feet long. The dust coUerterl in these bags is deliveretl to (70), 

70. Twelve-inch bolt conveyor with a 3-ply rubber belt having a convey- 
ing length of 71).. > feet, a spin^d of 235 feet per minute, and a nlope, for a part of 
the way, of 3(P. From {(iU) ; delivers to (71). 

71. Two wooden shipping bins each having a capacity of 200 tons and a 
flat bottom. From (70| ; deliver, via shovel and wheelbarrows, to railroad 
cars and thence to market. 

Trotnmels were formerly used for screening but gave considerable trouble 
ami were replaced by the stationary inclined screen (tesigned by Mr. Ix:»wis G. 
Rowand. This screen has proved very satisfactory, having a large capacity 
and a small repair cost. It is also so designed thiit a very .small amount of the 
dust escapes into the air, which, of course, is a decided advantage to ihe men 
working in the niilL 

The ore is hiindled in the yard and taken into the mill by contract, the 
contractors working H-hour shihs. They pay their men from %2 to S2.50 per 
shift, according to the ability of the men. 

The dry mill is nm on S-hnyr shifts, about 20 men being employed in 24 
hours, 6 days a week. This nunii>er includes the day men on the loading and 
repair gang. Outside men work a 10-hour flhift in the daytime. Rates of 
pay are from $2 to S3*25 per shift. 

Power. 

The various portions of the mill are driven by electric motors with an alter- 
nating 440-volt current supplied from a central power station 2 jniles distant. 

Testing Plant 

In designing the plant, the idea was to arrange it in such shape that tests 
maile would give results on which could be figured work in the commercial 
mill, already descril>ed, especially in regani to recoveries and grades of products. 
The plant is so arranged that tests can be made either on a few pounds of ore 
or on carloail lots. Mechanical appliances for handling material have been 
reduced to a minimum, consistent with .satisfactoiy work, in order to minimize 
the losses and to be able to weigh the products at various stages of the tests. 

Ore coming in railroad cars for testing is shoveled either to (1) or (2). 
L Platform bins. From cars; deliver, via chute, to (3). 

2. Grizzly with 4-inch spaces between the bars. Ore hand-broken until 
it passes through. From cars; delivers, via chute, to (3). 

3. 6-inch elevator. From {!) or (2); delivers to (4). 

4. Dodg*' Irrenker with 7.5 X 12-inch jaw opening. From (3); delivers 
crushed ore to (5). 

5. Elevator. From (4) and (7), (11), (12), (13), or (23); delivers to (6), (13), 
(14), or (20). 

6. Vertical screen. From (5); delivers oversize to (7) and undersize to (8). 

7. Rolls, 12 X 2n inches. From (G); deliver crushe^l ore to (5). 

8. Ten-split sampler. From (0); delivers sample to (9) and reject to (10). 

9. Sample bin or sack. From {s): delivers to assayer. 

10. Vertical screen. From (S) ; de^' — « oversize to (12) and undersize to (11)* 
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IL Steel storage-bin. From (10); deli vol's to (5)* 

12. Steel storage-bin. From (10); delivers to (5)» 

13. Five-foot Elmore vaeiiuin oil-eoneeiitrator which is a full-sized unit. 
Although 00 orei4 have yet been found, in thi^ distriet, suitable for this metfiDtl 
of concentration, the machine seems to be mechanically satit^faetory. From 
(5); delivers products to be sampled and assayed, 

14, Belt conveyor. From {'>}; delivers, via feed hopper, to (15). 

15, Roiisting furnace, desit::ned and patented by Mr. A. R. \\ ilfley, prcjmises 
to give a ver>^ good method for the .separation of iron pyrite from non-magnetic 
zinc sulphide. The ore, after being crushed anil dried (1(3 or 18 mesh being 
as coai^e as it will stand), is given a slight roast in the furnace and then passed 
over a magnetic separator to remove the iron pyrite that has been made mag- 
netic. The tailings (containing non-magnet ir, nr comparatively non-magnetic, 
material such as zinc s^ulphide, galena, and gangue) yre passed over a Wilfley 
or Sutton, Steele, and Steele tablp. This furnace, aft^r being once stiirterb 
requires only a small amount of coal, as the heat is furnisht-d by the buraing 
of the sulphur in the ore. From (14); delivers roasted ore to (Hi). 

16, Revolving cooler. From (15); delivers cool ore, via wheelbarrow, to 
(17), 

17, Steel elevator. From (16), (22), (26), (27), (2S), (31), (32), (33), or 
(34); delivers to (IS), (23), (33), (34)^ or any oilier types of concentrating 
machines now installed, or that may be atided later. 

18, Bins. From (17); deliver, via hopi>er, to (19). 

19. Wetherill'Howand type K mngnetic separator which is a full-sized ma- 
chine with 3 magnetSy of 3n,<>[)0, ()0,(KK) and lOO/K^O ampere turns respectively. 
From (IS) or (20) ; deh'vei^s concentrates antl miildiings to be sampled and assayed 
while the tailings go to (30), (31), or (32). 

20. Rowand vertical drier. From (5) via automatic feed hopper; (h4iver3 
dry ore to (22) and dust and gases taken from the stack, via No. 1, 30-inch 
exhaust fan, to (21), 

21, Prinz and Rau dust collector. From (20) and (23); delivers dust to 
a small dust bin or sacks, 

22. Sliaking trough-conveyor. From (20); delivers to (17). 

23. Steel dust-vseparator. From (17); delivers ore to (24) or (20) and dust, 
via No. 2, 30-inch exliaust fan, to (21), 

24- Vertical screen. From (23) ; delivers oversize to (25) antl undersize 
to (26). 

25. Vertical screen. From (24); delivers oversize to (28) and imdensize to 

20. Round steel storage-bin. From (24); delivers, periodically, to (17), 

27. Round stt'el stonig*^-bin. From (25); delivers, periodicidly. to (17). 

28. Round stee! storage-bin. From (25); delivers, periodically, to (17). 

29. Hopper, P>om (23); dr livers^ via swivel spout ami hopper, to (19). 

30. Bin. From (19); delivrrs to sampler and assayer. 

31. Nevir Centurj' 3-compartme!it jig which is a .small machine built on the 
principles of the full-sizetl jig, furnished by the American Croncentrator Company. 
From (19); delivers products to assayer, to (5) for re-crushing, or to (17) for 
re-treatment, 

32. No. 5 standard Wilfley concentrating table. From (19); delivei's 
products to assayer, to (5) for re-crushing or to (17) for re-treatment, 

33. Sutton, Steele, and Steele pneumatic table which is full sized. It does 
good work and has a large capacity, but it is necessary to size ver>' closely, 
due evidently to the continuous upward current of air through the cloth top 
of the table, which tends to arrange the various kinds of material in layers. 
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If the siziiig;|i 8ot very close, this means, for instance^ that the zinc product 
will overlap the lead aud the streak of gangue will overlap the zinc. From 
(17); delivery products to be sampled and assayed. 

34. Sutton, Steele, tiiid Steele static separator w^hieh is only a laborator)' 
machine and but little work has so far been accomplished on it. From (IT); 
delivers products to be sampled and assayed. 

The plant also contains one shaking screen for screening small lots of ore 
and a hiboratory vacuum machine for making preliminary tests on samples 
of a few ounces. 

The motive power consists of one 50 horse-power General Electric motor, 
one 5 hor^e-power motor, an<l one 3 horse-power motor. 

g 1474. Mill Xo. 142. The Humphrey Mill of thk Creede United 
Mines, Creeue, Colohado.*^ — This mill has a maximum capacity of 275 
tons per 24 hours but the more usual tonnage is 150 tons."" The minenUs, 
galena, sphalerite, pyrite, hematite, gold, and silver occur in intimate assoeia* 
tion with, and disst'miiiLtted through, the altered trachyte am] quartz. The 
small gold and silver values are in proportionate values of about §3 gold to SI 
silver antl the gold is suflHeientl}^ coarse to permit the larger part of it being 
recovered on concentrating tables. The crude ore will run about 11% in lead^ 
5% in Kinc, 2.r>r;j, in iron, and 60% in silica. The prol)lem is to save the lead^ 
zinc, gold, and silver values* The mill is a woodc^n structure and is located on 
a steep hillside. The ore is horse-trammed in two-ton curs (seven cars to a train) 
a distance of about one-half a mile from the portal of the Wooster tunnel to (1)* 



Rock House, 
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L Bins of 400 tons capacity. From the mine; deliver to (2). 

2. Grizzlies with 2-iMch spaces between the bars. From (1); deliver over^ 
size to (3) and un<lei"size to (4). 

3. Picking floor. From (2) ; delivers waste to dump and milling ore to (4). 

4. Bins. From (2) and (3); deliver, via haiid-operaled U'ver gates, to (o)» 

5. Cars of 20 cubic-feet capacity. From (4), w«'ighed on platform scales 
of 5^00 pounds capacity, hauled 200 feet, and dumped onto (6). 

Concentrator. 

6. Grizzly with L5-inch spaces between the bans. From (5); delivers 
oversize to (7) and undersize to (8). 

7. Blake breaker with a 10 X 20-inch jaw opening making 253 thrusts per 
minute and breaking to 1.5 inches. From (6) ; delivers crushed ore to (8). 

8. Mill l>in of 75 tons capacity. From (0) and (7); delivers to (9). 

9. BoltholT feeders making 100 revolutions per minute. From (S); deliver 
to (10). 

10. Automatic samplers which cut out a sample of 1 part in 100 everj' 3 
minutes. From (0); deliver sample to sample room i\m\ reject to (11). 

11. Roughing screen, 3 X 3 feet, making 20 revolutions per minute, and 
screening to 3 mesh. From (10); delivem oversize to (12) and undersizc to 
(13), 

12. McFarlane coarse rolls, 14 X 36 inches, making G2 revolutions per 
minute and crushing to 0.5 inch. From (II); deliver crushed ore to (13). 

13. Vertical elevator with 7 X r2-inch buckets which elevate the ore 36 
feet. From (11), (12). and (15); delivers to (14). 

14. Trommel, 3 X 6 feet, with a 4-mesh Tyler double-erimped steel-wire 
screen, making If) revolutions per minute. From (13); delivers overeize to 
(15) and undersize to (16). 
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15. McFarlane finishing rolls, 14 X 36 inches, making 62 revolutions per 
minute and crushing to 16 mesh. From (14); deliver crushed ore to (13). 

16. Trommel with a Tyler double-crimped steel-wire screen and other details 
as in (14). From (14); delivers oversize to (19) and undcrsize to (17). 

17. Trommel with a 10-mesh Tyler double-crimped steel-wire screen and 
other details as in (14). From (16); delivers oversize to (20) and undersize to 
(18). 

18. Trommel with a 16-mesh Tyler double-crimped steel-wire screen and 
other details as in (14). From (17); delivers oversize to (21) and undersize to 

(22). 

19. Four 4-compartment Harz jigs with 4-mesh sieves and plungers making 
180 strokes per minute. From (16) ; deliver the first two hutch products, as 
concentrates, via launder, to (34) ; the last two hutch products, as middlings, 
to (23); and the tailings to (23). 

20. Four 4-compartment Harz jigs with 6-mesh sieves and plungers making 
240 strokes per minute. From (17) ; deliver the first two hutch products, as con- 
centrates, via launder, to (34) ; the last two hutch products, as middlings, to (23) ; 
and the tailings to (23). 

21. Four 4-compartment Harz jigs with 10-mesh sieves and plungers mak- 
ing 256 strokes per minute. From (18) ; deliver the first two hutch products, as 
concentrates, via launder, to (34) ; the last two hutch products, as middlings, 
to (23); and the tailings to (23). 

22. Two Bartlett tables which act as jigs and over which a rough separa- 
tion of a high-grade lead product is made which runs about 80.0% in lead. 
From (IS); deliver concentrates, via launder, to (34) and tailings to (23). 

23. Two Fitzgerald shaking screen-launders. From (19) , (20) , (21) , and (22) ; 
deliver wat^r, which contains more or less values in slimes, via launder, to (27) 
and residue to (24). 

24. Three bins. From (23); deliver to (25). 

25. Three Challenge-type feeders. From (24); deliver to (26). 

26. Three 5-foot Chili mills making 34 revolutions per minute and crushing 
through 20 mesh. From (25); deliver pulp to (28). 

27. Tank for table wash water. From (23) ; delivers to (29), (30), and (31). 

28. Bosco sizers with 2 spigots. From (26); deliver the first spigots to 
(29), second spigots to (30), and overflows to (32). 

29. Four Wilfley tables. From (27) and (28); deliver lead concentrates 
to (34), middlings to (31), and tailings, via launder, to (32). 

30. Two Wilfley tables. From (27) and (28) ; deliver lead concentrates to 
(34), middlings to (31), and tailings, via launder, to (32). 

31. Six Wilfley tables. From (27), (29), and (30) ; deliver lead concentrates 
to (34), zinc concentrates to (35), and tailings, via launder to (32). 

32. Settling tank. From (28), (29), (30), and (31); delivers spigot to (33) 
and overflow to waste. 

33. Slime plant with canvas tables. From (32) ; delivers lead concentrates 
to (34) and tailings to dump. 

34. Drainage tank for lead concentrates. From (19), (20), (21), (22), (29), 
(30), (31), and (33); delivers lead concentrates, via cai*s, to smelter. 

35. Drainage tank for zinc concentrates. From '(31) via wheelbarrow; 
delivers zinc concentrates, via cars, to smelter. 

The lead product runs about 65% in lead, 8.5% in zinc, 1.5% in iron, 2% 
in silica, and has 85% of the recovered gold and silver values. It carries from 
4 to 5% in moisture when it reaches the smelter. 

The zinc product runs about 45% in zinc, 2% in iron, and 13.5% in silica. 
It cames from 7 to 9% in moisture on reaching the smelter. 
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The concentration ratio is about 1 1 into 1 for the lead, 18 into 1 for the zinc, 
and 7 or 8 into I for the crude ore. 

When running at full capacity the monthly shipments of concentrates amount 
to about l.fKXJ tons, 650 to 700 tons of which are lead concentrates. 

Labor. ^H 

Of similar mills in the State of Colorado this is possibly the most econonu- 
cally run. \\ hf ri running at full capacity the mill force is made up of 7 mill 
hands, 1 foreman, 1 man on repair work, and when using steam power, 1 
engineer. 

Power and Water. 

Water is taken from about one-half mile above the mill, at the Wooster 
tunnel, and conveyed, by a 30-inch wooden flume, into a 212-foot column pipe 
which is 16 indues in diameter and located back of the milk It deliveivs to tlip 
wheel pit. A lO-iuch take-off pipe, entering the main flume, delivers the 
necessary milling water to a tank in the scale room, from which it ia gravity 
piped to tlie various machines. 

Thc! wheel pit is separately housed and walled alongside the main building 
on a level with llie railroad track. There are 2 Pelton wheels, one (i feet anil 
the other 4 feet in diameter, attached to the same 75-foot 1.25-inch steel rope 
drive which drives the mill shafting; the two water wheels are arranged to run 
on the same shaft or may run disronnected^ the smiiller wheel having a sepa- 
rately attached shafting for running the tables and dynamos while the larger 
wheel drives the crushers, rolls, jigs, and Chili mills. 

In the steam po\/er plant thei^ is a 200 horse-power, 12 and 22 X 36-inch 
Corliss compound-contlensiog engine, steamed by two coal-fired, 150 horse- 
power Heudrie and Bolthoff boilers. This engine is connected with the main 
water-wheel shafting, above the wheel pit, by a 2(Ml-foot Lr>-inch steel rope 
drive. It is but rarely, however, that more than loO horse-power is generated 
by the .steam power plant, and the engine is in commission only about S months 
in the year. Steam and water power are use<l jointly for about 1 months in 
the year and water-power alone for about 4 months. 

J. Mills Savixg (Iolo, Silveh, Lead, and Copper Values. 

Under this group come Mills 143 and 144. 

§ 1475. Mill No. 143. Hold PniNrx Mill, Animas Forkes, ColoradoJ" 
— Large portions c»f the lode are simply barren vein material of blue- white 
quartz and massive rhodonite, the ore stieaks occurring irregularly in the veins 
belwecn partitions of rhodonite.*^ The i-ommon ore minerals are gold, both 
free in a gangue of quartz and rhodonite, and associated with pyrite, sphalerite, 
galena, chal copy rite; and silver, usutdly in t et rah ed rite, replacing part of the 
copper. The mass of tlie ore is low grade and its value will not exceed $12 to 
S15 per ton. It is estimated that ores carrying as low as $o per ton in values 
can be milled at a profit, for it is said that the total mining and milling cost will 
not exceed S2.50 per ton. 

The problem is to save the gold, silver, copper, lead, and zinc values. 

The ore comes from the mine" via cars, and is delivered to (!)♦ 

L Gates No. 6 *'K" g}Tator>^ breaker, breaking to 3 inches and operated 
by a 50 horse-power motor making SriO revolutions per minute with a 440- 
volt current. From the mine; delivers crushed ore to (2). 

2. Conveyor bt4t, 22 inches wide and 67 feet long. Operated by a 15 horse- 
power motor. From (1); delivers to (3). 

3. Two steel bins, each having a ean^city of 500 tons. From (2); deliver 
to (4). 
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4. Aerial tramway, of the Bleiehert type, 2.37 miles long with a difTerrnce 
in elevation of 1,100 feet. The load cable is L375, the return cable L125» and 
the traction cable 0.75 inch in diameter, and the latter is composed of 7 wire 
straLuls. A 40 horse-power Bullock motor controls the tram at a speeil of 250 
feet per miimle. Tlie bockfHs carry 1,500 pouutis each and the system affords 
a safe hourly capacity of 50 ton.s. From (3); dehvens to (5). 

5. Receiving bin of l,t)O0 tons capacity, Builtof structural steel and sup- 
ported, 10 feet above the floor, on 1-beani columns. For power see (6). From 
(4); delivers, via f^ates and plunger feeders, to ((i), 

6. Two belt conveyors, 22 inches wide. One on either side and below (5). 
A 10 horse-power motor drives the conveyors and also the plunder feed*Ms in 
(5). From (5); tlehS^er to (7). 

7. Two trommels, 12 feet long with L5-inch holes, and heavy manganese- 
steel linings. From OVi ; df^liver oversize to (S) and undersize to (*J), 

8. Two Farrel-Blake breaket^, with 13 X 30-inch jaw openings. The 
capacitj" of each breaker is 300 tons in 10 hours. For power see (10). From 
(7); deliver ore. crushed to L5 inches, to (9). 

9. Two elevators having belts 20 inches wide equipped with 7 X 18-inch 
buckets. The elevators are 50 feet higli from ce^iter to center of the pulleys. 
For power s<n? (10), From (7) and (S); tleliver to (10). 

10. Distributing conveyor, which consists of a 22-inch emlless traveling 
belt whose end pulleys are 80 feet apart and idl(*rs are supported by a wooden 
framed carriage rumung on a 5-fout gauge track above ill), A UK) horse- 
power motor, making 575 revolutions per minute with a current of 4 10 vnlts^ 
drives (S), (9), and (10). From (0); delivers to (11). 

IL Ten steel battery-bins, each having a capacity of 50 tons and sloping 
botionis. From (10^; deliver to (12). 

12. Ten Challenge suspended feeders. From (11); deliver to (13). 

13. One hundred stamps arranged in units of 10 stamps each. The battery 
frames are of heavy structural steel ami, like the mortars, are supported by 
concrete foundations, resting on solid bed rock. The mortars are of narrow 
Honiestake pattern with removable wearing parts. The stems are of special 
st^el, the nhoes, dies, cams, tappt ts, and bnredu/ads of chrome steel, the cams 
being of the self-tightening Canrla pattern. There is an overhead crane of 2 
ton:^ capacity for handling the heavy parts about the batteries. The stamps 
weigh 9G5 pounds each, and. in doing duty of 5 tons per day, will drop from 5 
to 7 inches at the rate of 100 to 105 drops per minute. The mesh of the discharge 

reens will vary for the difTeretJt ores bet^veen 10 and 30 mesh. For power 
(17). From (12); dt*liver pul[> to (14). 

14. Twenty silver-platetl amalgamating phites. 12 feet long l>y 4.5 feet wide 
with .'itationary slopes. From (13); di liver pulp to (15) and amalgam to retort. 

15. Forty mercury traps. From (11); deliver jHilp to (H>) jind amalgam 
to it»tort. 

16. Ten tank^s. From (15); deliver to (17). 

17. Ten Frenier spiral sand pumps. A 25 horse-power motor, situated 
over (13), drives each unit of 10 stamps and its pump. Motor makes 600 revo- 
lutions per minute with a 440-volt current. Lift, 10 feci. From (15); deliver 
pulp to (18). 

18. Ten hydraulic classifiers with 2 spigots each. From (17); deliver first 
spigots to (11>), second spigots to (20), ami overflows to (21). 

11), Twenty Card concentrating tables, driven by two 10 hoi-se-power motors, 
each motor running 10 tables. From (18) ; deliver galena concentrates^ contain- 
ing the mo«t of the gold and silver vahips, to (32); the zinc-iron concentrates, 
containing ver>^ few precious values^ to (32); and tailings to (21), 
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20. Ten Curd concentrating tables. For powtT serj (27). From (18) ; deliver 
galena conr-ont rates, containing tlu* most of the gold and silver values, to (32); 
the zinr-inin concentrates, containing verA^ few pivciouH values, to (32); and 
tailings to (21). i 

21. Ten cone-i*lussificrs. From (18), (19), and (20); deliver spigots to (22)' 
and overflows to (23). 

22. Five tube milli^ built by the Denver Engineering Works, 14 feet long 
and 5 feet in diameter, each driven by individual 30 horse-power motors miming 
at 850 revolutiorii? per minute with a 440-volt current. Lined with imported 
silex bricks, 2.3 X 4 X H indies, set on edge. The pebbles are imported from 
Dennmrk and have an average (hameter from 2.5 to 3 inches. The charge of 
pebbh^s for eadi mill is about 4 tons. The mills make 2S revolutions per minute 
anil hsivi* a capacity of 100 tons per 24 hours. From (21) ; deliver pulp, crushed 
through 60 mesh, to (23). 

23. Ten distrilniting launders. From (21) and (22); deliver to (24). 

24. Ten hydraulic classifiers. From (23); deliver spigots to (25) and over- 
flows to (20)/ 

25. Twenty Card concentrators. For powTr see (27), From (24); deliver 
galena concentrates, containing the most of the gold and silver valuers, to (32); 
the zinc-iron concentrates, containing very few pixjcious values, to (32) ; and 
tailings to waste, 

20. Ten hyilraulic classifiers. From (24) ; deliver spigots to (27) and over* 
flows to (2S)/ 

27. Twenty Card concentrators. (20), (25), and (27) am driven by six 10 
hoi'se-power motors. From (20) and (2S) ; deliver galena concentrates, con- 
taining the most of the gold and silver values^ to (32) ; the zinc-iron concentrates, 
containing verj^ few precious values, to (32); and tailings to wjii^te, 

2H, Ten slimes-settling tanks* From (20) ; deliver spigots to (27) and over- 
flows to (20). 

20. Slimes tank. From (28); delivers clear water to (30). 

30. Pump. From (20); delivers to (31). 

31. Mill storage tanks. There are two steel tanks on the top floor of the 
mill each holding 12,000 gallons of water which is replenished through a 12- 
inch pipt^ lint' from th{* Animas River, From (30) ; delivc^r to mill system, 

32, Suspended tram buckets. From (19) , (20) , (25) , and (27) ; deliver to (33). 

33. Two-compartment shaking launder, t>l feet long. From (32); delivers 
galena concentrates to (34) and siinc-iron concentrates to (35). 

34, Drying floors. Rectangular riveted steel compartments, 6 X 10 feet 
by 6 indies deep. Steam heated. From (33); d(4iver, via cars, to smelter 

35, One Argall multi-tubular drier. From (33) ; delivers dry concentrates 
to magnetic sei>arating department or to cars. 

The mill proper is 330 feet long by ix^ feet wide and w^as designed and 
built by the Denver Kngioeering Works Company of Denver, Colorado, at a cost 
of about S500,(X)0. 

The steel frames are covered with I -inch boards over which is laid heavy 
building paper, which in turn is sheatheil with \o. 22 corrugated steel sidings, 
All floors are of reinforced concrete, 4 inches thick, and suspended. 

A mechanical forced-draft hot-air plant, provitlrd with two coal-fired, marine- 
type, 100 horse-|:)Ower boilers, heats the mill. The waste heat fr<nn these boilers 
is utilized by the drying rooms (34). Close to the drying rooms (34), and near 
(35), space is left fur the future installation of a magnetic separator plant to J 
re-treat the zinc-iron product. " 

It is claimed that an amalgamation recovery of the gold and silver values 
of from 10 to 40% will be made, depending on the varying character of tho 
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ores treated. It is believed that the total refovery by amalgamation and coti- 
CGUt ration will be about 75%. When the magnetic plant k installetl to treat 
the zint'-iron f;oneentrate8 an extraction of elo.sc to 90% of the total metal 
values win be looked for. 

The power for the operation of the mill comes in a 3-phase^ altemating- 
eurrent furnished by the Animas and Telluride Power Companies. It k trans- 
mitted at lOXHKJ volts and stepped dowo^ for use in the mill, to 440 volts, 

§ 147G. Mill No. 144. Silver Lake Mill, tiARPiELO Smelting Company, 
SiLVERToN, C<:jlorado. — This mill has a capaeity of 300 to SrjO tons per 24 
hours while the crushing department will handle 450 tons per 24 houns,*^ The 
mill w^as constructed in tlie Ititter part of 1*J0G and is bused on six years' experi- 
ence wntli an ohh^r mill which it rrj>laces. The economic minerals are galena, 
chalcopyrite, pyrite, and sphalerite with guhl and silver values in a gangue 
of quartz antl rhodochrosite. The problem is to save the lead, copper, gold, 
and silver values. 

The ore is crushed at the mine to pass a 2,5-ineh ring and is delivered ^ via 
aerial tramw^ay, to (1) at the mill.^^ 

Crushing DeparinienL ■ 

The coarse and fine-crusliing plants run 20 hours daily and the capacities 
and machine products are giv(*n in tons per 20 hours. 

1. Silver Lake tramway rt'criving-bin. From tht^ tramway; delivers via two 
plunger feeders, to (2). 

2. Two Colorado Iron Works breakers, with 4 X 24-Lnrh jaw openings, 
breaking to 1 inch and making 280 thrusts per minute. Each han<lles loO 
tons and requires 6.39 horse-powT*r when empty and 12.37 horse-ptnver under 
normal load. From (1); deliver crushed ore, via elevator, with a 2S-foot lift, 
which, together w^th (D), requires 0.57 horse-powrr when empty and 1.29 hoi'se- 
power under normal load, to (3). 

3. One 20-inch belt conveyor with a conveying length of SO feet and a six>ed 
of 320 feet per minute. Handles 300 tons and requires 2.23 horse-power when 
empty and 2,73 horse-powT*r nnder normal load. From (2); delivers to (4). 

4. One Harrington and King trommel 4 X S feet, having 15-millimeter 
rounti holes punched 0.N75 im^h between centers, in No. 3 steel, IS spokes and 
a shaft, 3.4375 inches ui diameter, which has a slope of 1.75 inches to the foot. 
Driven by gear and pinion at 17 revolutions per minute and has a life of 3S5 
days or while the mill handles S9,Sf>3 tons. Hun dry. Handles 647 ton.s and 
requires 0.32 horse-power when empty and 2.54 horse-power under normal 
load. From (3) and (0); delivers oversize to (5) and underside to (7). 

5. F, M. Davis rolls, 16 X 36 inches, making 100 revolutions per minute 
and set to crush to 0.25 inch. Mid vale steel shells weigh, when new, 8,020 
pounds, li\st 175 days or while the mill handles 45.31*2 ions,, and w4ien worn out 
w*eigh 1,299 pounds. Latrobe steel sh<*ns weigh, when new, 9,012 pounds,! 
last ISl days or while tln^ mill handles 3S,(>84 tons, and when worn out wTighj 
1,302 pounds. Steel cheek plates w'eigh, when new, 705 pounds, la.st 350 days] 
or w^hile the mill handles 84,076 tons, and when w^orn out w'eigh 456 pounds. 
Phosphor-bronze wearing parts weigh, when new, 612 pounds, last 356 days 
or while the mill handles 84,076 tons, and when woiii out weigh 420 pounds. 
Run dr)'. Handle 347 tons (270 tons on the first pass and 77 tons returnetl), 
aiM.I recjuire 7.12 hors€^-powT*r when t^mpty and 19.27 horse-power under normal 
load. From (4); deliver crushed ore to (6). 

6. Bucket elevator having a speed of 302 feet per minute and buckets^ 
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7 X 12 inches, placed 20 inches apart, which elevate the ore 37 feet. Handles 
347 tons and requires 1.78 horse-power when empty and 2.92 horse-power under 
normal load. From (5); delivers to (4). 

7. One 18-inch belt conveyor having a conveying length of 160 feet and a 
speed of 230 feet per minute. Handles 300 tons and requires 1.85 horse-power 
when empty and 3.85 horse-power under normal load. From (4) ; delivers to 
(8). 

Concentrating Department. 

This department runs 24 hours daily. The capacities and machine products 
are given in tons per 24 hours and the water in gallons per minute. 

8. Silver Lake mill ore bin of 600 tons capacity. From (7); delivers to (9). 

9. Plunger feeder with a 5-inch stroke. Handles 300 tons. For f)ower see 
(2). From (8); delivers to (10). 

The mill feed, at this point, gives the following sizing test: 

Through 15 on 9 millimeters 28.0 percent. 

9-6 " 21.0 " 

6 " 4 " 14.0 " 

4 •' 2 •• 12.0 " 

2 " J5^ " 

Total 100.0 - 

10. Vezin sampler making 20 revolutions per minute and cutting out 5.0% 
of the ore. From (9); delivers sample to (11) and rejects to (12). 

11. Vezin sampler with details as in (10). From (10); delivers sample, 
which amounts to 5 pounds per ton of original ore, to the bucking room and 
rejects to (12). 

12. Bucket elevator having a speed of 350 feet per minute and buckets, 
7X14 inches, placed 24 inches apart, which elevate the ore 54 feet. Handles 
500 tons of ore and 82 gallons of water besides 10 gallons of hydraulic water. 
Together with (23) requires 3.69 horse-power when empty and 8.58 horse-power 
under normal load. From (10), (11), (14), and (16); delivers to (13). 

13. Two trommels, 3.5 X 6 f(»et, having 9-millimeter round holes punched, 
0.5025 inch between centcM's, in No. 6 steel, and shafts, 3.1875 inches in diameter, 
which have slopes of 0.75 inch to the foot. Each hiis a life of 287 days or while 
the mill handles ()4,930 tons. Run wet. Handle 560 tons of ore with 92 gal- 
lons of water in the feed and 34 gallons of hydraulic water. Together with 
(17), (19), (24), and (27) require 0.93 horse-power when empty and 6.88 horse- 
power under normal load. Other details as in (4). From (12); deliver over- 
size, via mixing box, to (14) and undersize to (17). 

14. One double 2-oompartnient Harz jig with sieves having 4-millimeter 
round holes and j)lungers making 100 1.75-inch strokes per minute. Handles 
200 tons of ore with 40 gallons of water in the feed and 62 gallons of hydraulic 
water. Requires 1.01 horse-power when empty and, together with (18), (20),. 
(20), (2S), (30), and (32), 21.53 horse-power under normal load. The feed 
gives the following sizing test: 

On 9 millimeters 52.99 percent. On 40 mesh 0.24 percent 

•* 6 " 3S.87 " •' 80 •• 0.18 " 

" 4 •• «.20 " " 100 •• 0.06 " 

" 2 " 0.53 " " 150 " 0.02 " 

" 20 mesh 0.31 " Through 160 " 0.57 " 

From (13); delivers the first side discharges and second hutch products, 
amounting to 2 tons, as second-class concentrat(»s, to (09) ; the first hutch prod- 
ucts, as first -class concentrates, to (12); and the tailings to (15). 

15. Shovel devvatering wheel, making 12 revolutions per minute, handling 
264 tons of ore and 172 gallons of water. From (14) and (18); delivers ore to 
(16) and the overflow, containing 4 tons of ore with 90 gallons of water, to (50). 

16. F. M. Davis rolls set to "••""V. iq 0.125 inch. Midvale steel shells weigh, 
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when new, 5,772 pounds, last 178 days or while the mill handles 37,318 tons, 
and when worn out wpigh 838 pounds. Latrobe stt?el .shells weigh, when new; 
9,012 pounds, last 185 clays or while the mill handles 17,150 tons, and when 
worn out weigh 1,6 11 pounds. Steel cheek plates weigh, when new, 588 pounds, 
t 363 days or while the mill handles 84,708 tons, and when worn out weigh 
pounds. Phosphor-bronze wearing parts weigh, when new, 510 pounds, 
ast 363 days or while the mill handles S4,7ti8 tons, and when worn out weigh 
350 pounds. Hun wet. Handle 260 tons of ore iuid S2 gallons of watei' and 
require 7.12 horse-power wlien empty and 14.37 horse-power under normal 
load. Other details as in (5). From {15); dehver crushed ore to (12). 

17. Two trommels havhig 6-nuhin)eter round holei^ punched, 0,375 ineh 
between centers, in No. 10 steel. Each hjus a life of 340 days or while the mill 
handles 77,838 tons. Hantlle 360 tons of ore with 86 gallons of water in the feed 
and 34 gallons of hydraulic water. For power and other details see (13). From 
(13); deliver oversize, via mixing box, to (18) and undersize to (19). 

IS. One double 3-compartment Harz jig. The first and third sieves have 
4-millimeter and the second 6-millimeter round holes. The plungers make 
176 1.25-inch strokes per minute. Handles 134 tons of ore with 25 gallons of 
water in the feed and 116 gallons of hydrtiuhe water. Together with (20) and 
(28) requires 2.32 horse-power when empty. For horse-power under normal 
load see (14). The feed gives the following sizing test: 

Ob milfiineteis 90.67 percent. 

"4 ** .M.SO " Oq bo tsiAb... ..,.»,. ,._ 0.09 percent. 

"2 " 8,70 ■* ■' 100 " ,.. .0.02 " 

- TOxaah 102 " " 160 " O.QO " 

" 40 " 2.44 " 'rhrouiJi 160 " .,. 0.fi4 " 

From (17); delivers the first side discharges, as first-class concentrates, to (08); 
the second and third huteh products, as second-elass coneentrates, to (69) ; the 
first hut eh prod nets, a.s fi rst-elass concentrates, to (26) and (2.S) ; and the tail- 
ings to (15) and (21 K The pro<lufts going to (6S) and (09) amount to 2 tons. 

19. Two trommels having 4-miltimeter round lioles punchiul, U.2r> inch be- 
tween renters, in No. 12 steel. Fach has a life of 334 days or wliik^ the mill 
handles 76;2S3 tons. Handle 220 tons of ore with 95 gidlons of water in the 
feed and 34 gallons of hytlraulie water. For power and other details stn^ (13). 
From (17); deliver oversize, via two mixing boxes, to (20) and undersize to 
(27). 

20. Two double 3-eompartnient Harz jigs. The first sieves have 6 mesh, 
18 wire, the second and third 5-millinieter round holes. The plungers make 
216 0,875-tnch strokes per miinite. Handle 70 tons of ore with 34 gallons of 
water in the feed and 14K gallons of hydraulic water. For power see (IS). 
The feed gives the following sizing test: 

Oo 4 milUmcters , S6,l 1 pcrcem. On 80 mesh 0.43 percenJ. 

*' 2 " 66.17 " " im " ,,,0.07 " 

*' 20 mesh ,.. bM " •• 150 " O.Oa " 

•* 40 '* 2.01 •' TbimiAb 150 '* .O.fl« 

From (19); deliver the first hutch products, as fiist-class euncentrates, to (30) 
and (08); the second and third hutcli products, as seeond-class runcentrates, 
to (69); and the tailings to (21). The pro<lucts going to (6.S) and (69) amount 
to tons. 

21. Three shovel dewateriiig wheels, making 12 revolutions per minute, 
handling 440 tons of ore, with 252 gidlons of water fjom jigs and 66 gallons 
from trommels. From (IS), (20), and (24); tleliver 431 tons of ore with 50 
gallons of water to (22) and 9 tons of ore with 208 gallons of %vater to (45). 

22. Three F. M. Davis rolls, 14 X 27 inches, making 105 revolutions per 
0unute and set to crush to 0.0025 inch. Midvale steel shells for the 3 rolls 
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weigh, when now, 11,190 pounds, last 322 days or while the mill handles 
73,415 tons, and when worn out weigh 2,113 pounds. Steel cheek plates for 
the 3 rolls weigh, when new, 438 pounds, last 322 days or while the mill handles 
73,415 tons, and when worn out weigh 288 pounds. Cast^brass wearing parts 
for the 3 rolls weigh, when new, 480 pounds, last 322 days or while t-he mill 
handles 73,415 tons, and when worn out weigh 288 pounds. Run wet. Handle 
431 tons (127 tons from jigs and 304 tons of returns), with 50 gallons of water, 
and require 16.10 horse-power when empty and 33.20 horse-power under normal 
load. From (21) ; deliver crushed ore to (23). 

23. Bucket elevator having a speed of 350 feet per minute and elevating the 
ore 50 f(*et. Handles 431 tons of ore with 50 gallons of water. For power 
see (12). From (22); deliver to (24). 

24. Two trommels having 2.5-millimeter round holes punched, 0.1875 inch 
between centers, in No. 10 steel. Each has a life of 402 days or while the mill 
handles 94,313 tons. Handle 431 tons of ore with 50 gallons of water in the 
feed and 34 gallons of hydraulic water. For power and other details see (13). 
From (23); deliver oversize to (21) and undersize to (25). 

25. Two Richards* vortex hydraulic classifiers with two spigots each. For 
details see (29). From (24) ; deliver the first spigots to (26), the second spigots 
to (31), and the overflows to (44). 

20. One double 4-compartment Harz jig. The first sieves have 10 mesh, 

19 wire, the second and third 2.5-millimeter, and the fourth 2-millimeter round 
holes. The plungers make 242 0.5G25-inch strokes per minute in the first, 
second, and third compartments, and ().5-inch strokes in the fourth compart- 
ments. Together with (30) handles 138 tons of ore with 75 gallons of water in 
the feed and 150 gallons of hydraulic water. Together with (30) and (32) re- 
quires 9.S4 horse-power when empty. For horse-power under normal load see 
(14). For a sizing test of the feed see (29). From (18) and (25); delivers the 
first hutch products, as first-class concentrates, to (08); the second, third, and 
fourtli hutch products, as second-class concentrates, to (09); and the tailings to 
(33). Th(^ products goin<r to (()S) and (69) from 26 and (30) amount to 6 tons. 

27. Two trommels having 2-millimeter round hvles punched, 0.1563 inch 
between centers, in No. 18 stec^l. Each has a life of 393 days or while the mill 
handles 92,003 tons. Handle 150 tons of ore with 95 gallons of water in the 
feed and 3 1 gallons of hydraulic water. For power and other details see (13). 
From (19); deliver oversize to (28) and undersize to (29). 

2S. One doubles 3-compartment Harz jig. The first sieves have 8 mesh, 
18 wire, the second and third 4-millimeter round holes. The plungers make 
224 0.75-inch strokes per minute in the first and second compartments and 
0.025-in(h strokes in the third compartments. Handles 34 tons of ore with 

20 gallons of water in the feed and 39 gallons of hydraulic water. For power 
see (IS). The feed gives the following sizing test: 

On 2 millimclers 41.15 percent. On 100 mesh 0.17 percent. 

" 20mesh 47.10 " " 150 " 0.01 " 

" 40 " 9.25 •* Through 150 " 0.87 

"80 •' 1.31) " 

From (18) and (27) ; delivers the first hutch products, as first-class concentrates, 
to (OS); the second and third hutch products, as second-class concentrates, to 
(09); and the tailings to (33). For the amount going to (08) and (09) s(H3 (26). 
29. Two Richards' vortex hydraulic classifiers with 3 spigots each. To- 
gether with (25) handle 243 tons of ore with 121 gallons of water in the feed 
and 175 gallons of hydraulic water. From (27) ; deliver the first spigots, via 
two mixing boxes, to (30) ; the seen- -' ''^ots to (31) ; the third spigots, amount- 
ing to 10 tons of ore and 21 gJ' 'ir, to three tables in (49) ; and the 
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overflows to (46). Together with (25) the first spigots contain 138 tons of ore 
and 75 gallons of water, the st^cond fipigotb 18 toiLs of ore and 6 gtdlons of water, 
and the overflows 77 tons of ore and 194 gallons of water. The spigots give the 
follownng sizing tests: 





First S[jJK<H. 


SccuQtl Spigot. 
PCTcem. 


Thiril Spigot. 
Percent. 


On 20 mrsh , , _ . 

10 " , 


46.34 

1150 
1.52 

IM 1 
SJ3 


3,34 
27,28 
46.01 
hM 
8.17 
10J4 




a3.44 

9,27 
44 70 


♦♦ 80 ** . , ,* 


100 * ..., 


ISO '* ,. 


ThnjugH ISO "' , ,_, 




Totals ..,..,, 


100,00 


lOO.OtJ 


iOO.OO 





fcrb 



30. Two double 4-eompartment Harz jigs. The firM sie%'es have 10 mesh, 
19 w^ire, the seeond and thirtl sievew 2.5-niiIlimetrr, and tin* fourth sieves 2- 
millimeter round holes. The plungers make 242 0.r>()25-ineh sti'okes per minute 
in tlie first, seeontl, and third eonipartnientt> and 0..>-ineh .strokes in the fourth 
eompaitnients. For details rt^gartling caparities, water quuutities, and power 
sec (20). From (20) and (29); deliver tlie first huteh pj'oduets. as first-class 
concentrates, to (OS); the seeond, third, and foiirtii hutclt produets, as serond- 
class concentrates to (69) ; and the tailings to (33). For the amount of products 
going to (OS) and (69) .see (26). 

31. One 1-spigot ch^ssifier From (25) and (29); delivers* spigot, via mixing 
box, to (32) and overflow to (37). 

32. One double 1 -compartment Harz jig with sieves of 12 mesh, 20 wire, 
e plung€*rs make 256 0,375-iurh strokes per minute in the first, second, and 

third compartments and tl3125-inch strokes in the fourth e<mvpartments. 
Handles 18 tons of ore with 6 gallons of water in the feed arnl 17 gallons of 
hydraulic water. For power see (26), From (31); d<*livers all hutch products, 
amounting to 2 tons, as second-class concentrates, to (69) and the tailings to 

33. Chili mill feed-settling tank handling 164 tons of ore witli 290 gallons 
of water. From (2G), (28), and (30); delivers 150 tons of settHngs with 68 gal- 
lons of water to (34) and the overflow with 14 tons of ore and 222 gallons of 
water to (37) and (38), 

34. Two 6-foot Monadnock Chili mills with bottom drives manufactured^ 
by the Trent Engineering ^ Machinery Company and making 33 levohitions 
^r minute. The Midvale steel ring dies are cemented into place with Portland 
cement, no lead or babbitt being used, and weigh, when new, 5700 pounds, 
last 131 days or while the concentrator handles 29,740 tons^ and when worn out 
weigh 980 pounds. The Midvale steel trnnnion tirt^s are held on the cores by 
hard -wood wedges and weigh, wh(^n new, 7,9(>8 pounds, hist 131 days or while 
the concentrator handles 29,740 tons, aiul when worn out Wf^igh 1,651 pounds. 
The steel wire screens vary from 9 to 20 mesh, 12 and 14 mesh being usful for the 

, greater part of the ore. They weigh, whr^n new, 1,415 pounds, last 2S9 days 
or while the concentrator handles 64,654 tons, and when worn out weigh l,1^6 
pounds. Phosphor-bronze wearing parts weigh, when new, 30 pounds, last 

^65 days or while tlie concentrator handles 84,36^3 tons, and when worn out 
eigh 10 pounds. Cast-iron plows weigh, when new, 228 pounds, last 131 days 
or while the concentrator handles 29,740 tons, and when worn out weigh 90 
pounds. Han<lle 150 tons of ore with 68 gallons of water and require 17.16 
horw-powcr when empty and 54,98 horse-power under normal loads, From 
(33); deliver pulp to (35) and (39). 

35. Two Richards* vortex hydraulic classifiers with 3 spigots each, Handlo 
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133 tons of ore with 106 gallons of water in the feed and 73 gallons of hydraulic 
water. From (34), (37), and (43); deliver the first spigots, containing 58 tons 
of ore* with 39 gallons of water, to two tables in (40) ; the second spigots, contain- 
ing 32 tons of ore with 3o gallons of water, to two tables in (40) ; the third spigots, 
contiiining 21 tons of ore with 23 gallons of water, to two tables in (40) ; and the 
overflows, containing 22 tons of ore with S2 gallons of water, to (36). The spigot 
products give the following sizing tests: 





First Sixgot. 
Percent. 


Second SpigoC. 
Percent. 


Third Spigot. 
Percent. 


Oq 20 inr»h 


0.40 
39.35 
33.V3 
4.02 
6.41 
15.90 






40 " 


19.84 
47.26 
12.26 
5.18 
15.45 


0.86 
30.91 
15.19 
12.83 
40.21 


HO " 


100 *• 


150 " 


Through 150 " 




Totals 


100.00 


99.99 


100.00 





36. Round settling tank handling 22 tons of ore with 82 gallons of water. 
From (35) ; delivers spigot, containing 10 tons of ore with 23 gallons of water, 
to one* table in (40) and the overflow, containing 12 tons of ore with 59 gallons 
of water, to (52). The spigot product gives the following sizing test: 



On 80 mesh 5.17 percent. 

" 100 " 12.28 " 



On 160 r 
Through 160 



. 13.68 percent. 
.68.97 •* 



37. Settling tank handling 10 tons of ore with 152 gallons of water. From 
(31) and (33); delivers spigot product, containing 8 tons of ore with 30 gallons 
of water, to (35) and overflow, containing 2 tons of ore with 122 gallons of water, 
to (50). 

38. Settling tank handling 4 tons of ore with 70 gallons of water. From 
(33) ; delivers spigot product, containing 4 tons of ore with 15 gallons of water, 
to (39) and overflow, containing 55 gallons of clear water, to (67). 

39. One Richards' vortex hydraulic classifier with 3 spigots handling 44 
tons of ore with 37 gall<^ns of water in the feed and 46 gallons of hydraulic water. 
From (34) and (3S) ; delivers the first spigot product, containing 19 tons of ore 
with 23 gallons of water, to one table in (41); the second spigot product, con- 
taining 12 tons of ore with 13 gallons of water, to one table in (41); the third 
spigot product, containing 7 tons of ore with 10 gallons of water, to one table 
in (41); and the overflow, containing 6 tons of ore with 37 gallons of water, 
to {si'y). The spigot products give the following sizing tests: 



1 First Si^Kot. 
: Percent. 


.Sec«»ml S|iiROt. 
Percent. 


Third Spigut. 
Percent. 


()n 20 mesh 


1 3.17 






40 •• 


44.44 


1M)9 
43.17 
11.03 
0.95 
26.8G 




80 " 


1 2S SO 


17.99 
14.22 
11.72 
56.07 


100 " 


1 4 31 


150 •' 


3 r,3 


'ITirough 150 " 


1 15 05 






Totals 


1 100.00 


100.00 


100.00 



40. Seven Wilfley tahh's making 246 to 260 throws per minut<» and, together 
with (41), (4S), (49), (66), and (74), handling 196 tons of ore with 253 gallons 
of water in the feed and 97 gallons of hydraulic water. From (35) and (36); 
deliver conc(»ntrates, via launder, to (75), middlings to three tables in (42), 
tailings to (61), and headwaters to (51). 

41. Three Wilfley tables wit.H details as in (40). From (39); deliver con- 
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centrales, via launder, to (75), middlings to two tables in (42), tailings to (61), 
and headwaters to (47). 

42. Twelve Wilfley tables and one Card table. Throe of the Wilfleys make 
245, two make 250, seven make 260, and the Card makes 260 throws per minute. 
Handle 63 tons of ore with 124 gallons of water in the feed and 70 gallons of 
hydraulic water. Require 2.33 horse-power when empty and, together with 
(48), (49), (60), and (66), 4.29 horse-power under normal feed. From (40), 
(41), (47), (48), (55), and (58); deliver concentrates, via launder, to (75), tail- 
ings to (61), and headwaters to (63). 

43. Conical cast-iron settling-tank handling 21 tons of ore with 71 gallons 
of water. From (32) and (45) ; delivers spigot, containing 15 tons of ore with 
30 gallons of water, to (35) and the overflow, containing 6 tons of ore with 41 
gallons of water, to (52). 

44. Conical cast-iron settling-tank handling 37 tons of ore with 90 gallons 
of water. From (25) ; delivers spigot product, containing 10 tons of ore with 

15 gallons of water, to one table in (49) and the overflow, containing 27 tons 
of ore with 75 gallons of water, to (52). The spigot product gives the follow- 
ing sizing test : 

On 40 mesh 1.69 percent. On 150 mesh 13.50 percent. 

" 80 " 21.10 " Through 150 " 51.90 " 

" 100 '• 11.81 " 

45. Two conical cast-iron settling-tanks handling 9 tons of ore with 268 
gallons of water. From (21); deliver the spigot products, containing 5 tons 
of ore with 18 gallons of water, to (43) and the overflows, containing 4 tons 
of ore with 250 gallons of water, to (50). 

46. Conical cast-iron settling-tank handling 40 tons of ore with 104 gallons 
of water. From (29) ; delivers spigot product, containing 12 tons of ore with 
20 gallons of water, to (48) and the overflow, containing 28 tons of ore with 
84 gallons of water, to (55). The spigot product gives the following sizing test: 

On 80 mesh 21.70 percent. On 150 mesh 13.21 percent. 

** 100 " 15.57 " Through 150 " 49.5S " 

47. Conical cast-iron settling-tank handling 3 tons of ore with 45 gallons 
of water. From (41); delivers spigot product, containing 3 tons of ore with 

16 gallons of water, to four tables in (42) and the overflow, containing 29 gal- 
lons of clear water, to (67). The spigot product gives the following sizing test: 

On 150 mesh 0.61 percent. Through 150 mesh' 90.39 percent. 

48. Two Wilfley tables making 256 throws per minute. For capacity sec 
(40). Together with (49) and (66) require 0.81 horse-power when empty and 
for power under normal load see (42). From (46); deliver concentrates, via 
launder, to (75), middlings to one table in (42), and tailings to (61). 

49. Four Wilfley tables with details as in (48). For capacity and power 
see (48). From (29) and (44); deliver concentrates, via launder, to (75), 
middiingis to (58), tailings to (61), and headwaters to (52). 

50. Settling tank handling 10 tons of ore with 462 gallons of water. From 
(15), (37), and (45); delivers spigot product, containing 8 tons of ore with 25 
gfjlons erf water, to (58) and the overflow, containing 2 tons of ore with 437 
gaOons of water, to (67). 

51. Settling tank handling 10 tons of ore with 46 gaUons of water. From 
(4(0; ddivers spigot product, containing 6 tons of ore with 18 gallons of water, 
to (B8) Mid ihB overflow, containing 4 tons of ore with 28 gallons of water, to 

(71). 

ggl ^Btskasten handling 54 tons of ore with 216 gallons of water. From 
(44), (49), (66), and (66); delivers spigot product, containing 10 
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tons of ore with 35 gallons of water, to (5S) and the overflow, containing 44 

tons of ore with 181 gallons of water, to (53) ami (54). 

53. 8pitzkasten handling 22 tons of ore with 95 gallons of w^atar. From 
(52); dilivers spigot product^ containing 7 tons of ore (all through 150 mesh) 
with 14 gallons of water, to two vannt'i-s in (60) and the oversow, containing 
15 tons of ore with SI gallons of water, to (59), 

54. Spitzkasten handling 22 tons of ore with 86 gallons of water. From 
(52); delivers spigot product, containing 7 tons of ore (all through 150 mesh) 
with 8 gallons of water, to one vunner in (60) and the overtlow, containing 15 
tons of ore with 78 gallons of water, to (59). 

55. 8pUzkas!en hantlling 34 tons of ore with 121 gallons of water. From 
(39) ami (46); delivers spigot product, containing (i tons of ore with 15 gallons 
of water, to four tables in (42) and the overHovv, containing 2s tons of uw with 
100 gallons of water, to (56) and (57). The spigot product gives the following 
sizing testr 

On tOQmcsh ,, l.(Wpcr«nl. 

On 160 " , 9.57 

Throuish 150 " ......80^7 ** 

56. Spitzkasten li and ling 14 tons of ore with 53 gallons of water. From 
(55); delivers spigot prtiduri, containing 4 tons of ore with 13 gidlons of water, 
to two vanners in (60) and the overtlow, containing 10 tons of ore witli 40 gal- 
lons of water, to (63). The spigot protluct gives the following sizing test: 

On ISOmcib 0.83 percent. Through IfiOmesh W.17 pcT«Bl 

57. Spitzkasten handling 14 tons of ore with 53 gallons of water. From 
(55); delivers spigot product, containing 5 tons of ore witli 13 gallons of water, 
to two vanners in (60) and the overflow, containing 9 tnns of ore with 40 gal* 
Ions of water, to (71). The spigot product gives the following sizing test: 

Oa 150 mesh. dM perceai. Through 150 mesh , . 9^,I<J perccni. 

58. One Richartis' vortex hytlraulic (dassifier with 4 spigota handling 30 
tons of ore witli 1)0 gidlems of water. From (40), (50), (51), and (52); delivers 
the first s|rig(jt, contaiinng 11 ions uf ore with 2S gidlons of water, the second 
spigot, cuntuining 5 tons of ore with 15 gallons of water, and the third spigot, 
containing 4 tons of ore with 13 gallons of water, to four tables in (42) ; the 
fourth spigot, containing 2 tons of ore with 8 gallons of water, to one vanner in 
(60); and the overflt*w, containing S tons of ore* with 26 gallons of water, to 
(59), The spigot proriucts give the following sizing tests: 





First Spigot. 
Peroenl. 


Second Spigot. 


Third Spigtil. 


Fourth Spigoc 


On 80 tneah . , - 


moo 

73S 
57-S5 
10.30 


12.31 

4.01 

10,77 

72.31 






100 " 


88.37 




150 ** ♦.., 


1.55 


Through J 50 ** ,»..,.,*. ...... 


95.45 






Totals 


100.00 


100 00 


lOO.W 


100.00 







59. Canvas*feed settling-cone handling 3S tons cjf ore with 1S5 gallon.s of 
watx'r. From (53), (54), and (5S) ; delivers spigot (product, containing 26 tons 
of ore with lOS gullyns of watiM', to (62) and overflow, containing 12 tons of 
ore with 77 gallons of water, to (t>?). 

60. Eigld tl-foot vanners making 1K2 thrusts per minute, handling 25 tons 
of c>re with -'iir gallons of water in tlie feed and 12 gallons of hydraulic water. 
Five of them require 0.79 horse-power when empty. For power under normal 
load see (42). From (53), (54). (5(i), (57), and (58); deliver concentrates, via 
launder, to (75) and tailings to (63). 
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6L Eighteen canvas tables, 11.5 feet wiiie by 12 feet long, made of IS-ounce 
duck and having tslopea of 3 inehes to the foot. Together with (62) ami (03) 
handle 230 tons of ore with 413 gallons of water in the feed and 20 gallons of 
hydraulic water From (40), (41), (42), (48), (49), and (06); deliver second- 
class eonrentrates to (64) and tailings to (67), 

62. Sixteen canvas tables, 11. "> fret wide by 17 feet long, made of IS-ounce 
duck and having slopes of L75 inches to the fooL For capacity see (61). From 
(59): ileliver second-class concent rates to (64) and tailings to (67). 

63. Thirty*four canvas tables. Eighteen are 17 feet long and 16 are 19 feet 
long. All are 11.5 feet wide. Made of IS-ounce duck and having slopes of 1 
inch to the foot. For capacity see (61). From (42), (56), (59), and (GO); 
deliver second-class concentrates to (64) and tailings to (67). 

M. One Latta and Martin pneumatic displacenient pump handling 5 tons 
of ore with 37 gallons of water per minute against a head of 76 feet. From (61). 
(62), and (63); delivers to (65). 

65. Two canvas re -dress sett ling- cones arranged in series. The first handles 
5 tons of ore with 37 gallons of wat(*r. From (64) ; ilelivers the spigot product, 
containing one ton of ore with 15 gallons of water, to (66) and the overflow, 
containing 4 tons of ore with 22 gallons of water, to the second. The second 
delivers the spigot profh.ict, containing 3 tons of oj'e with 12 gallons of water, 
to (66), and the overflow, containing 1 ton witli 10 gallons of water, to (52). 
The spigot products give the following siting tests: 





First Sp«i{nt, 
Percent. 


rerccnt. 


Oti W) ni'CTili 1 , 


0.52 

4,7G 
1110 
73.H1 




ion '• ,,,,..., t. . 


0.40 
Q.KO 


150 ■ 


Tbwiugh 150 " 




Total* . , . 


100.00 


lOO.W 





66. Two Wilfley tables making 264 throws per minute. Only one used. 
For capacity see (4()). For power see (48). From (65); deliver conct:'ntrates, 
via launder, to (75); middlings to (52); tailings to (61); and headwaters to (52). 

67. Automatic tailings sampler. From (38), (47), (50), (61), (62), and 
(63); delivers sample to assayer and rejt^ct, via tailings launder, to waste dump. 

68. Eight first-class concentrates l>ins each having a capacity of 24 tons. 
Together with («il», (70), and (75) handle 60 tons of concentrates witli 50 gal- 
lons of water and 40 gallons of wash water. From (IS), (20), (26), (28), and 
(30); dehver concentrates, via cars, to smelter and drainings to (70). 

69. Twelve second-class concentrates bins each having a capacity of 42 
tons. For amount handled see (68). From (14), (IS), (20), (26), (28), (30), 
and (32); deliver concentrates, via cars, to smelter, ami drainings to (70). 

70* Eight settling tanks, four of 12 tons capacity each and four of 18 tons 
capacity each. Steam coiLs in bottoms. For amount handled see (68). From 
(68) and (60) ; deliver dry concentrates, via cars, to smelter and overflows, via 
launder, to waste. 

71. Four slimes-settling tanks w^ith steam coils in the bottoms. One is 
35 feet long by 14 feet wide by 26 feet deep, another is 30 X 16 X 26 feet, an- 
other is 30 X'l2 X 26 feet, and the fourth is 16 X 16 X 26 feet. Handle 13 
tons of OR* with 68 gallons of w^ater in the feed and 25 gallons of hyilraulic 
water. From (51) and (57) ; deliver st-ttlingH to (72) and overflows, via launder, 
to waste. 

72. One 4-foot Frenier sand pump lifting against a head of 24 feet. From 
(71); delivers to (73) and (74). 
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73. One vanncr making 190 throws per minute. From (72) ; delivers con- 
centrates, via launder, to (75) and tailings, via launder, to waste. 

74. One Wilfiey table making 265 throws per minute. For capacity see 
(40). From (72); delivers concentrates, via launder, to (75) and tailings, via 
launder, to waste. 

75. Bins for table and vanner concentrates. For amount handled see (68). 
From (40), (41), (42), (48), (49), (60), (66), (73), and (74); deUver concentrates, 
via cars, to smelter. 

The mill concentrates about 4.5 tons into 1 and saves 88% of the gold, 
79% of the silver, 84% of the lead, and 79% of the copper. 

Of the total ore milled 215.67% passes to (4), 188.0% to (13), 120.0% to (17), 
75.337o to (19), 143.67% to (24), and 50.0% to (27). 

Of the total ore miUed 115.67% passes to (5), 86.67% to (16), 48.0% to (22), 
and 50.0% to (34). 

Power and Water. 



Only General Electric induction motors are used. 
60-cycle machines using an alternating current. 
The following list shows a summary of the same: 



All are tjrpe I, 3-phase, 



Motor Operating. 



(2), (3). and (9) 

M). (6). (G), and (7) 

(12). (13), (14), (16). (17), (18). (19), (20), 
(23), (24), (26), (27). (28), (30). and (32) 



(22) and (34) 

(42), (48), (49), (60), and (60). 

Compressors 

Slimes plant 



Totals 



Number. 



Forms 



L. 
K. 

L. 
K. 
L. 
C. 



Amperes. 



125.0 
125.0 

22.8 
33.5 
87.5 
37.5 



Volts. 



220 
220 

2.080 

2,080 

220 

220 



Revolu- 
tions per 
Minute. 



720 
900 

720 
600 
600 
900 



Hone-power. 



Rated. Operating. 



fiO 
50 

85 

125 
35 
15 

4 



364 



36.25 
34.57 

61.69 
98.90 
10.67 
17.43 
3.00 



262.51 



The following table gives a summary of the water used in gallons per minute: 



Original feed water (12) 10 

Trommels (13), (17), (19), (24). and (27) 170 

Jig (14) 62 

" (18) 116 

Jigs (20) 148 

" (26) and (30) 150 

" (28) 39 

Jig (32) 47 

Hydraulic classifiers (25) and (29) 176 

(35) " (39) 119 

Tables (40), (41), (42.) (48). (49), (66), and (74) 167 

Vanners (fiO) 12 

Wash water for canvas tables (61), (02), and (63) 20 

Wash water for concentrates (68) 40 

Wash water for slimes plant and miscellaneous (71) 25 



Total 



.1.300 



K. Mills Saving Lead and Zinc Values. 

Mill 145 serves as a representative of this class. 

§ 1477. Mill No. 145. Ore Dressing Plant of the Mines De Pierre- 
piTTE, Pierrefitte, Nestalas, Hautes Pyrenees, France. — The capacity 
of this mill is 150 tons per 24 hours.^ The economic minerals are galena and 
sphalerite. Clean sphalerite and galena are separated in the mine and sent 
to shipping bins outside the mill, while the crude milling ore, running 9.08% 
lead and 15.4% zinc, is sent to (1). 
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Rock House, 

1. Breaker. From Estaing shaft; delivers to (2). 

2. Trommel. From (1); delivers oversize to (3) and undersize to (4). 

3. Picking belt. From (2) ; delivers waste rock to dump and milling ore 
to (4). The rock house is run during a 10-hour day shift only. 

Concentrating Plant, 

4. Grizzly with 50-millimcter spaces between the bars. From (2) and (3) ; 
delivers oversize to (14) and undersize to (5). 

5. Ore bin of about GO tons capacity. From (4) ; delivers, via feeder, to (6). 

6. Conical trommel, 2.2 meters long by 1 and 1.3 meters in diameter, with 
holes 25 millimeters in diameter. Run wet. From (5); delivers oversize to 
(7) and undersize, via launder, to (9). 

7. Picking belt. From (6) ;* delivers waste rock to dump and milling ore to 

8. Ore bin. From (7) and (16); delivers, via percussion feeder, to (17). 

9. Conical trommel with 3 screening sections, having holes 6, 10, and 18 
millimet<jrs in diameter. Trommel is 3 meters long by 1 and 1.3 meters in 
diamctx^r. From (6); delivers material between 18 and 25 millimeters to (17), 
material between 10 and 18 millimeters to (13), material between 6 and 10 milli- 
meters to (13), and material through 6 millimeters to (10). 

10. Trommel 1X3 meters, with holes 2 and 3.5 millimeters in diameter. 
From (9); delivers material between 3.5 and 6 millimeters to (13), material 
between 2 and 3.5 millimeters to (13), and material through 2 millimeters to 

11. Trommel with holes 1 millimeter in diameter. From (10); delivers 
oversize to (13) and undersize to (12). 

12. Spitzlutte. From (11); delivers spigots to (13) and overflow to (35). 

13. Six jigs. One has three compartments and the others have five com- 
partments. From (9), (10), (11), and (12); deliver galena to market, sphal- 
erite to market, rich middlings to (27), poor middlings to (14), and tailings to 
waste. 

14. Ore bin. From (4) and (13); delivers, via percussion feeder, to (15). 

15. Conical trommel, 2.2 meters long by 1 and 1.3 meters in diameter, 
with holes 25 millimeters in diameter. Run dry. From (14); delivers over- 
size on top of undersize onto (16). 

16. Picking belt. From (15); delivers waste rock to dump and milling 
ore to (S). 

17. Rolls, 0.32 X 0.95 meter. From (8), (9), and (18); deliver crushed ore 
to (18). 

18. Conical trommel with three screening sections having holes 5, 8, and 12 
millimeters in diameter. Trommel is 3 meters long by 1 and 1.3 meters in 
diameter. From (17); delivers material on 12 millimeters to (17), material 
between 8 and 12 millimetei*s to (22), material between 5 and 8 millimeters to 
(22), and material through 5 millimeters to (19). 

19. Trommel, 1X3 meters, with holes 2 and 3 millimeters in diameter. 
From (18) and (25); delivers material between 3 and 5 millimeters to (22), 
material between 2 and 3 millimeters to (22), and material through 2 milli- 
meters to (20). 

20. Trommel with holes 1 millimeter in diameter. From (19); delivers 
oversize to (22) and undersize to (21). 

21. Spitzlutte. From (20) and (26); delivers spigots to (22) and overflow 
to (35). 



22. Eight 4-coTiipartmpnt jigs. From (IS), (19), (20). and (21); deliver 
galena to market, sphalerite to market, rich middlings to (27), poor middlingi 
to (23), and tailings to waste. 

23. Elevator. From (22) and (34); delivers to (24), 

24. Two ore bins. From (23); deliver material between 3 and 8 niillimet-era 
to (25) and material through 3 millimeters to (26). 

25. Rolls, 0.3 X 0.7 meter From (24); deliver, via launder, to (19). 

26. No, 3 Hebcrle wet ball mill. From (21) ; delivei-s pulp, via launder, to (21). 

27. Elevator. From (13), (22), (31), and (34); delivers to (2S). 

28. Two ore bins. From (27) ; deliver material between 3 and 8 millimet-ers, 
via percussion feeder, to (29) and nniterial below 3 millimeters to (30). 

29. No. 4 lleberle wet ball mill, 0.7 X FS meters. From (2S); delivera 
pulp to (31). 

30. Rolls, 0.3 X 0.7 meter. From (2S); deliver cmshed ore to (31). 

31. Trommel, 1 X 2.2 nietera, with holes 2 millimeters in diameter. From 
(29) and (30); delivers oversize to (27) and undersize to (32). 

32. Trommel, 1 X 2.2 meters, with holes 1 millimeter in diameter. From 
(31); delivers oversize to (34) and undersize to (33). 

33. Spitzlutte. From (32); delivers spigots to (34) and overflow to (39). 

34. Two 3-eompartnienl jigs. From (32) and (33); deliver concentrates 
to market, rich middlings to (27), poor middlings to (23), and tailings to waste* 

35. Four Spitzlutten. From (12) and (21); deliver spigots to (37) and over- 
flows to (36). 

36. Two Spitiskasten. From (35); deliver spigot to (37) and overflows to 
waste. 

37. Pulp thickeners. From (35) and (36) ; deliver pulp to (38) and over- 
flows to waste. 

38. Nine Ferraris tables. From (37); deliver concentrates to market, 
rich middlings to (41), poor middlings to (45), and tailings to waste. 

39. Three Spitzlutien and a Spitzkaiiten. From (33); deliver spigots to 
(40) and oversows to waste. 

40. Three Ferraris tables. From (39) ; deliver concentrates to market, rich 
middlings to (41). poor middlings to (45), and tailings to waste, 

41. Two Spitzlutten and a Spitzka^ten, From (38), (40), and (44); deliver 
spigots to (42) and overflows to waste. 

42. Pulp thickeners* From (41); deliver spigots to (43) and overflows to 
waste. 

43. Four Ferraris tables. From (42); deliver concentrates to market,, 
middlings to (44), and tailings to waste. 

44. Centrifugal pnmp. From (43); delivers to (41). 

45. Two Hpitzlutten and a 8pil^ka.sten. From (3^), (40), and (47); deliver 
epigots to (46) and overflows to waste. 

46. Three Ferraris tables. From (45); deliver concentrates to market, 
middlings to (47), and tailings to waste. 

47. Centrifugal pump. From (46); delivers to (45). 
A saving of 74. 39^ of the lead and 74.7% of the xinc is obtained. The 

lead eonccntrates carry 73.5% lead and 15.1% zinc, and the zinc product 3*9% 
lead and 42.8% zinc. 

Power, 

The aetual consumption is about 145 horse-power distributed as follows: 
An 18 horse-power motor drivew the breaker (1) and tronmiel (2). 
A 30 horse-power motor and a 40 horse-power motor drive rolls (17), (25), 
and (30), ball mills (2(>) and (29), and picking belts (3), (7), and (16). 
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Two IS horse-power motors drive jigs (13), (22), and (34), and trommclB 
(6), (9), (in), (U), (15), (18), (19), (20), (31), and (32), 

Two IS horse-power motors drive tables (38), (40), (43), and (46), and, 
centrifugal pumpa (44) and (47). 



L. Mills Saving Lead, Zinc, and Iron Values. 
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I Mills 146, 147, and 148 are given to illustrate this group and are taken from 
three districts. 

§ 1478. Mill No. 146. Galena and SrHALERiTE Dresi^ing Pl.^int Neub 
Hble.nk Mink, Hobemlohe Werke, Upper Silehia, — Tliis plant has a ra* 
pacity of 2S() tons por 10 hours. ''^ The eeouoinie minerals are pyrite, sphalerite, 
ami galena disseminated in a dolomite gangue. The ore is rlayey and con- 
tains 22% zine, 5.77% lead, and the pyrite varies from to 7%. 

The ore from the mine is delivered, via trucks, to (1) on the top floor of 

the mill building. i 

H Crushing and Jigging Departmeni. ■■ 

H There are two similar sections under this heading, only one of which is de 
Bpcribed. 

H 1. Hand tumbler. From the mine; delivers to (2). 

^m 2. Grizzly, 1 X 1-5 meters, w^ith 120'millimeter spaces between the bars 
From (1); delivers oversize to (3) and undersize to (4). 

3. Breaker with a jaw opening 0.32 X 0.5 meter. From (2) ; delivers 

K4). 

4. Bin. From (2) and (3); delivers, via push feeder, to (5). 
5- Washing trommrl, 3.5 X 2.2 meters. From (4); delivers to (6). 

6. Conical trommel, 2,5 X 1 and 1.35 meters, with two screening sections 
having holes 22 and 50 uiillimetei^s in diameter respeclively. From (5) ; delivers 

t oversize on 50 millimeters to (7), material between 22 and 50 millimeters to 
I (8), and material through 22 millimeters to (1>). 

7. Picking table, 7 mctt'i-s in diameter. From (ti) ; delivers waste rock to 
lump and miUing ore to (lli), 

8. Picking table, 7 meters in diameter. From (6) and (2^); dehvers w^aste 
yck to dump and nulling ore, via percussion feeder, to (20). 

9. Conical trommel, 3 X 1.3 and 1.42 meters, with three screening sections 
iving holes 9, 12, and 15 niilliinetei*8 in tlinmeter respectively. From (6); 

livers material on 15 nulllnietcrs and nuiierial between 12 and 15 millimeters 
to (14), material between 9 and 12 miUimeters to (15), and material through 
millimeter to (10). 
H 10. Two conical trommels, 3 X 1 and 1.42 metei's, witli four screening 
^sections having holes 3, 4, 5, and 7 millimeters in diameter respectively. PVom 
B(9) ; deliver the four sizes coarser than 3 millimeters to (15) and material through 
B3 millimeters to (11). 

H 11. Two conical trommels, 2.2 X 1 and 1.3 meters with holes 2 millimeters 
in diameter. From {10); de4iver oversize to (15) and underi^ize to (12). 

12, Two conical trommels, 2.2 X 1 and 1.3 meters with holes lb milli- 

reters in diameter. From (II); deliver oversize to (15) and umlei-size to (13)* 
13. Four Spit zlutten arranged in series. From (12); deliver spigots to (15) 
and overflow to (40). 

»14. Two 3-conipartment jigs. From (9); deliver rich mitldfings of galena- 
phalerite to (18), rich galena-dolomite middlings to (18), poor galena-dolomite 
iniddlings to (IS), and tailings to (17), 

15. Sixteen 5-compartment jigs. From (<)), (10), (11), (12), and (13); 
deliver galena concentrates to (16), rich galena-sphalerite middlings to (18), 
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Hphalorite to (16), rich sphalerite-dolomite middlings to (18)^ poor sphalerite- 
dolimiitp middlings to (IS), and tailing8 to (17). 

Its. Hoist. From (15), (17), (32)/ (39), (42), (46), (51), (55), (58), (62), 
and (07); tk4ivL*r^ conccntnttt's to s>tunige and tailings to dump. 

17. two dcwatoring sand wheels. From (14), (15), (31), (32), and (39); 
deliver aolids to (16) and slime water to (64). 

IS. HoisL From (14), (15), (31), (32), and (39); delivers rich galena- 
sphalerite^ rieh galena-dolomite, and rich yphaleritt^-dolomite mifidlings coarser 
tiiuH 6 nnllimeters to (33) amt finer than ti miliimeters to (34); poor galena- 
doloinite and poor sphaieriteHluloinite middlings coarser than 6 millimetera 
to (21) ami finer than (> millimeters to (22). 

19. Bnnikf^r with 0.25 X U,4 natter jaw opc^ning. From (7) ; delivers crushed 
ore to (23). 

20, Coarse rolls, 0.32 X 0.95 meter. From (S) and (24); deliver crushed 
ore to (23). 

2L Medium rolls, 0.32 X 0.95 meter, handling material larger than 6 milli- 
meters. From (IS); deliver crushed ore to (23). 

22. High-sfjced rolls, 0.1()5 X 1,2 meters, handling material through 6 milli- 
meters. From (is); deliver crushed ore to (23). 

23. Bucket elevator. From (19), {20), (21), and (22); elelivers to (24). 

24. Cofdcal trommel, 3 X 1 and 1.42 meters, with two screnning sections hav- 
ing holes 15 and 22 millimeters in diameter respectively. From (23) ; delivers 
material on 22 miilimeters to (S) ; material between 15 and 22 millimeters, via 
percussion feeder, to (20); and material through 15 millimeters to (25), 

25. Conical trommel, 3 X 1 and 1.42 meters, with two screening sections 
having holes 9 and 12 millimeters in diameter respectively. From (24); de- 
livers material on 12 millimeters to (31); material between 9 and 12 millimeters 
to (32), and material through 9 millimeters to (26). 

20. Conical trommel, 3 X 1 and 1.42 meters, with two screening sections 
having holes 5 and 7 millimeters in diameter respectively. From (25); deUver 
material on 7 millimeters and material between 5 and 7 milUmetera to (32) 
and material through 5 millimeters to (27). 

27. Conical tronunel, 3 X 1 and 1.42 meters, with two screening sections 
having holes 3 and 4 millimeters in tliameter respectively. From (26) ; delivers 
material on 4 millimeters an«l material between 3 and 4 millimeters to (32) 
and material through 3 millimetei's to (28). 

2S, Conical trommel, 2.2 X 1 and 1.3 meters, with holes 2 raillimeters in 
diameter. From (27); d{4iv(^rs ovei*size to (32) and unilersijse to (20). 

29. Conical trommeh 2:2 X 1 and 1.3 meters^ with holes 1.5 millimeters in 
diameter. From (2S) ; delivers oversize to (32) and undersize to (30). 

30. Two Spitzlutten arranged in series. From (29); deliver spigots to (32) 
and overflow to (50) . 

31. One 3-rompartment jig. From (25); delivers rich galena-sphalerite 
middlings to (IS), rich ^alemi-doloniite middlings to (18), poor galena-dolomite 
middlings to (IS)^ and tailings to (17). 

32. Nine 5-compartment jigs. From (25), (26), (27), (28), (29), and (30); 
deliver galena to (16), galena-sphalerite middlings to (IS), sphalerite to (16), 
rich sphalerite-dolomite middlings to (18), poor sphalerite-dolomite middlings 
to (18% and tailings to (17). ^ 

From this point on there is hut one section. 

33. Medium rolls, 0.32 X 0.95 meter, handling material larger than 6 milli* 
meters. From (18); deliver crushed ore to (35). 

34. High-speed rolls, handling material through G millimeters. From (18) 
and (36); deliver crushed ore to (35). 
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35. Bucket elevator. From (33) and (34) ; delivers to (36). 

36. Conical trommel, 2.2 X 1 and 1.3 meters, with holes 5 millimeters in 
diameter. From (35); delivers oversize to (34) and undersize to (37). 

37. Four conical trommels, 2.2 X 1 and 1.3 meters, arranged in series, with 
screens having holes 4, 3, 2, and 1.5 millimeters in diameter respectively. From 
(36); deliver the four sizes coarser than 1.5 millimeters to (39) and material 
through 1.5 millimeters to (38). 

38. Two Spitzlutten arranged in series. From (37) ; deliver spigots to (39) 
and overflow to (56). 

3^1 Six 5-compartment jigs. From (37) and (38); deliver galena to (16), 
galena-sphalerite to (18), rich sphalerite-dolomite middlings to (18), poor 
sphalerite-dolomite middlings to (18), and tailings to (17). 

Table Deparbneni. 

40. Spitzkasten. From (13); delivers spigot to (41) and overflow to (43). 

41. Two Spitzlutten and a Spitzkasten arranged in series. From (40); 
deliver spigots to (42) and overflow to (43). 

42. Six Ferraris tables. From (41); deliver concentrates to (16), poor 
middlings to (47), rich middlings to (48), and tailings to dump. 

43. Pulp thickener. P'rom (40) and (41); delivers spigots to (44) and over- 
flow to (64). 

44. Centrifugal pump. From (43); delivers to (45). 

45. Spitzkasten. From (44); delivers spigots to (46) and overflow to (64). 

46. Two Linkenbach tables. From (45); deliver concentrates to (16), 
poor middlings to (47), rich middlings to (48), and tailings to dump. 

47. Centrifugal pump. From (42), (46), (51), (55), (58), (62), and (67); 
delivers to (49). 

48. Centrifugal pump. From (42), (46), (51), (55), (58), (62), and (67); 
delivers to (56). 

49. Spitzkasten. From (47); delivers spigot to (50) and overflow to (52). 

50. Two Spitzlutten and a Spitzkasten arranged in series. From (30) and 
(49); deliver spigots to (51) and overflow to (52). 

51. Six Ferraris tables. From (50); deliver concentrates to (16), poor 
middlings to (47), rich middlings to (48), and tailings to dump. 

52. Pulp thickener. From (49) and (50) ; delivers spigot to (53) and over- 
flow to (64). 

53. Centrifugal pump. From (52); delivers to (54). 

54. Spitzkasten. From (53); delivers spigot to (55) and overflow to (64). 

55. Linkenbach table, 8 meters in diameter. From (54); delivers concen- 
trates to (16), poor middlings to (47), rich middlings to (48), and tailings to 
dump. • 

56. Spitzkasten. From (38) and (48); delivers spigot to (57) and over- 
flow to (59). 

57. Spitzlutte and Spitzkasten arranged in series. From (56); deliver 
spigots to (58) and overflow to (59). 

58. Four Ferraris tables. From (57); deliver concentrates to (16), poor 
middlings to (47), rich middlings to (48), and tailings to dump. . 

59. Pulp thickener. From (56) and (57) ; delivers spigot to (CiO) and over- 
flow to (64). 

60. Centrifugal pump. From (59); delivers to (61). 

61. Spitzkasten. From (60); delivers spigots to (62) and overflow 

62. Linkenbach tables. From (61) ; deliver concentrates to 
middlings to (47), rich middlings to (48), and tailings to dump. 
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53* Concrete Spitzka^ten, 5.5 X 35.5 meters. Fmni (64) ; delivers spigoUs 

to (05) ami ovrrflaw to wiist<\ 

04, Ceiitrifutral pump. From (17), (43), (45), (52), (54), (59), and (61); 
delivers to (613). 

05. Centrifugal pump. From ((^i) ; delivers to (66). 

66, Spitzlulte and a Spitzkasten arranged in seriei?. From (65); delivers 
Bpigots to (07) and overflow to waste. 

07. Four Ferraris tables. From (66); deliver concentrates to (16), poor 
middlings to (47), rich middlings to (4S), and tailings to dump. 

Pruduets which may contain pyrite arc re-jigged on three 3-eompartment 

Seventy-six percent of the tot id zinc in the crude ore is recovered. 
The diiTerent zinc products assay as follows: 

Course jig concentrates 53 percent zinc 

Medium '' *' 44 

Fine '' '' 38 '* " 

Table eoncentrates 28 *' '* 

Kone of the above products carry over 2% lead. 

The followiug hflp is cmph^yed : 1 foreman, 1 elcetncian, 4 inspectors, 6 
mechanics, 3*J workmen over 20 years of agc\ 17 workmen between 16 and 20 
years of age, and 51 boys under 16 years of age. 

Three thousand four luuidretl and ilfty to 3,550 gallons of w^ater per minute 
are used. 

The operation of the mill requires about 450 horse-power. The following 
motoi-^ urr used: 

One 300 horse-power motor and one 250 horse-power motor to drive th©. 
machinrry in the criisbint^ and jigging rlt^partments. 

One 50 horse-power motor to drive tlie Ferraris tables. 

ihw 40 horse-power inotor to drive the Linkenbach tables. 

Two 20 horse-power motors to operate the hoists. 

§ 1479. Mill No. 147. New Central Mill of the Aktien Comp.^nt^ 
ViELLE MoNTAGNE, Aachen, Prussia. — This mill has a capacity of 110 tons, 
pel' 10 hours. '^ The ores treated come from four difTt»renl mines anrl possess 
suf'Vi different characteristics that they are each run separately in the mill. 
T\w ores in general are aHke in being wry clayey and in that three sulphides, 
galena, pyrile, ami sphalerite, exist in varying quantities. One of the most 
important ores is made up as follows: ZnS, 32.65^J.: PbS, 4/22' ;,; FeS, 21.29%; 
FejOg, 6.22''t ; and a gangue consisting of clay, shnle, limestone, ealcite, and 
dolomite. 

The problem is: (!). To recover as much clean sphalerite as poasible. (2), 
To avoid making a middling product of si)haleriie-pyrite. (3). To recover aa 
much cleiui pyrite as possililc. (4). To recover as much clean galena as pos- 
sible. Tln^ problem is greatly eoinplicated by the fact that a large part of the 
pyrite is extremely pnroiLS so that its specific gravity is lowcrrMl nc*arly to that 
nf the si>lui!erite, which latter is of the fibrous variety and much inttuiaced with 
galena. The clay of tln^ gangue hav^ing a tench^ney to adhere to ihc particles 
of s|ihalt'rite and galena still further complicates matters. 

Ore from the mine, hauled in tram cars to the third or upper mill floor, 
is dumped to (1). 

1. Grizzly with l(K)-milli meter spaces between the bai's. From the tram 
cars; delivei^s oversize to (2) and undersize to (3). 

2. Picking table. From (1); delivers py rite-sphalerite to (4), spalling ore 
to (5), and gangue to (125). 
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3. Twenty-ton storage bin. From (1); delivers, via feeder, to (6). 

4. Dodge-type reek breakor with a jnw opening of 300 by iiOO millimeters. 
From (2), (5), (9), and (17); delivers nuitcriai rrushed to 40 oiillirneter.s to (7). 

5. Spalling floor. From (2) und (9); deliver;^ ^aa^ueto (125), poorwpiuU- 
erite to (121). calamine to (122), sphalerite to (123), pyrite to (124)^ pynte- 
sphalerite to (4), and hinestone^sphalerite witli galena-sphalerite to (S). 

t). Tromniid with rjO-mtllinieter punched holes. Spray water is used. From 
(3); delivers oversize to (9) and undei*size to (10). 

7. Trommel with two screening sections having 1(> and 9-niillimeter punched 
hole^ respectively. From (4) and (17); delivers oversize betwiM'ii 40 and 16 
millimeters to (11), oversize between 16 and 9 millimeters to (13), and under- 
size between 9 and U millimeter to (3N). 

8. Storage bin outside of washing plant. From (5), (9), (11), (19), and 
(22); delivers periodically to (14). 

9. Picking table, 4 meters in diameter; p>om (0); delivers spalling ore to 
(5), gangue to (125), poor sphalerite to (121), calamine to (122), sphalerite to 
(123),pyrite to (124), pyrite-sphah^rite to (4), limestone-sphalerite with galena- 
sphalerite to (S), and clay balls to (10). 

10. Crirkboom log washer. From ((>) and (9); delivers to (IS). 

11. Pieking table, o meters in diaineler. t^'roni (7) ; delivers galena to (120), 
pyrite to (124), spdialerite in (123), pyrite-sphalrrite to (12), and limeslone- 
sphalerite with galena-sphalrritr to (S). 

12. Coarse rolls, belted, 250 X 700 millimetej-s. From (11) 
deliver crn.shed ore to (3S). 

13. Medium rolls, belted, 250 X 700 millimeters. From (7) 
deliver crushed ore to (3N). 

14. Bin for sphalerite-pyrite. From (S), (19), and (22); dt^'liver^^ to (15). 

15. Ek'vator. From (14); delivers to (liJ). 

16. Storage bin. From (15); drlivers. via feeder, to (17). 

17. Trommel with lO-mi!limeter punched hules. From (1(3); delivers over- 
size lo (4) nnii undersize to (7). 

18. TrcmiOK^l with two stTeening sections having 22 ami IG-millimeter 
punc4ied hules respeelivt ly. Frnni (10); delivers oversize between 50 and 22 
millimeters to 19, oversize between 22 and IG millimet(>is to (20), antl under- 
sizu between IG and millimeter to (21). 

19. Picking table, 5 niett*i*s in diameter. From (18); delivers limestone- 
aphalerite with galena'S[»halerite to (S), sphalerile-pyrite to (14), pyrite to 
(124), sphalerite to (123), galena to (120), calamine to (122), poor sphalerite 
to (121), and gangue to (125), 

20. Roughing jigs. From (IS); deliver first and second tlischargea to (22) 
and overflows to (23). 

21. Pulp thickener. From (IS) ; delivers spigot to (24) and overflow to (55). 

22. Picking table, 5 nuiei-s in dian)(4er. From (20); delivers calamine to 
(122), pyrite to (124), sphalerite to (123), galena to (120), poor sphalerite to 
(121), pyrite-sphalerite to (14), ami limestone-sphalerite with galena-sphak^rite 
to (S), \ 

21^. Picking tal>l(% 3 metres in diameter. From (20); delivers calamine to 
(122), poor sphalerite to (121), and gangue to (125). 

24, Elevator. From (21), (4G), (17), and (Gl); delivers to (25). 

25. Tronnnf4 with two screening sections having 14.2 anil 5.S-niillimeter 
punched holes respectively. From (24); delivers oversize between IG and 14.2 
millimeters to (29) , oversize between 14.2 and 5.8 millimeters to (2G), and um 
size between 5.8 and millimeter to (27). 

20. Three trommeb with two screening sections each. The first hf»* 
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and 10.9, the second 9.4 and 9J, and tho third 0.9 and 5.8-mjJJiineter punched 
holes. From (25); d(*!iver ovtTsjJse bc'tweeri 14.2 and 12*5 niiUim<-t«*rs to (210. 
ovci-size bet ween 12.5 and 9.4 iiiillnneters to (,30), oversiao between 9.1 and fhS 
miUimeters to ('Si), and uridoinsize between i>.H and nnllimeter to (27). 

27. Three troinjnels with two sereening sections eucli. The fir-st has 4*8 
and rlO, the seetmd 3.1 and 2.4, and the third 1,S and 1.25-niillimeter punched 
holes. From (25) and (26); deliver oversize betwxH^n 5..S and 3.1 millimeter to 
(31)^ oversize betw^een 3.1 and 1.25 millimeters to (32), and undersize between 
1.25 and millimeters to (2S). 

28. Classifier wnth 3 spigots. From (27) ; delivers spigots to (32) and over- 
How to (55), 

29. Two 5-compartment jigs with crank motion. From (25) and (26) ;■ 
deliver galena from first and second tliseharges to (120), fine middlings, as third 
discharges^ to (33); sphalerite, as fourth discharges^ to (123); middlings, ^ 
fifth dis<'luirges, to (47); and overflows to (49). 

30. Two 5-cQnipartment jigs with crank motion. From (26); deliver first 
discharges, sometimes galena, to (120) and, sometimes midillings, to (47); 
second and tlurd discharges of fine middlings to (33); fourth discharges of 
sphalerite to (123); fifth discharges of middlings to (47) ; and overfiowa to (49)* 

31. Six 5-compartment jigs. The fii'st two have crank and the rest plain 
eccentric motions. From (26) and (27); ileliver first discharges of galena to 
(120); second and fifth discharges of middlings to (47); thini discharges of 
sphalerite-pvrite to (3!S); fourth dist4iarges of ^jphalerite to (123); and overflowi 
to (49). 

32. Six 5-compartment jigs with eccentric motions. From (27) and (28); 
deliver first hutches of galena to (120), second and fifth hutches of middlinga 
to (47), third hutches of pyrite-sphalerite to (38), fourth hutches of sphalerit 
to (123), overflows from first two jigs to (49), and overflows from last four jigi 
to (102). 

33. Elevator. From (29), (30), (39), (42), and (47); tlelivers to (34). 

34. Trommel with three screening sections having 1G.9 and 4-millimeter 
puncheil hol**s respectively. From (33); delivers oversize on 16 milliraeters 
to (12), oversize between 16 imd 9 niillinieters to (13), oversize between 9 and 

4 millimeters to (35), and undersize between 4 and millimeter to (36). 

35. Fine rolls, belted, 250 X 700 millimetei's. From (34); deliver crushed 
ore to (3S). 

36. Pulp thickener. From (34); delivers spigot to (37) and overflow 
(104), 

37. Huntington mill, 1.54 meters in diameter and crushing through a 1-milli 
meter screen. From (30); dc4ivei^^ pulp to (3S), 

38. Elevator. From (7), (12), (13), (31), (32), (35), (37), and (47) ; delivers 
to (39). 

39. Trommel with two screening sections having 9 and 2.S-millimeter punched 
holes respectively. From (3S) ; delivers oversize on 9 millinietei's to (33), 
oversize between 9 and 2.8 niillimeters to (40), antl undersize between 2.8 and 
millimeter to (41). 

40. Tw^o trommels with two screening .sections each. The first has 6.2 and 

5 and the second 3.S and 2.S-inillimeter punched holes. From (39); deliver 
oversize between 9 and 5 niillimeters to (42), oversize betWTcn 5 and 2.S milli*J 
meters to (43), and undersize between 2,8 and millinietur to (41). 1 

41. Trommel with two screening sections having 2 and 1.4-millimeter 
punched holes. From (39) and (40); delivers oversize between 2.8 and 1.4 
millimeters to (44) and undersize between 1.4 and nnllimeter to (45). 

42. Two 5-compartment jigs. From (40); deliver first discharge of galena 
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to (420), second and fifth discharges of middlings to (47), third discharges of 
fine iniiidliiigii to (33), fourth discharges of sphalerite to (123)^ and overflows to 
(49). 

43. Two o-eompnrtment ji^s. From (40) ; delivei* first dLscharges of galena 
to (120): ?if*cood and fourth discharges of niiddlirigs to (47); third disehargea 
of, sometimes pyrite, to (124) and, sometiiues middlings, to (47) : fifth discharges 
of sphalerite tu (123); and overflows to (4(j), 

44. Hix 5-fompartmeiit jig^. From (41) and (45); deliver first hutche-s of 
galena to (120), second and fourth hutches of ndddlings lo (47), third hutches 

<of pyrite to (124), fifth hutches of sphalf^rite to (123), overflow^ from first jig 
to (46), and overflows from last 5 jigs to (103), 

45. Classifier with 4 spigots. P>om (41); delivers spigots to (44) and over- 
flow to (52). 

40. Spitzlutte. From (43) and (44); delivers spigot to (24) and overflow 
to (103). 

47. Six3-eompartment and four 4-compartment jigs. From (29), (30), (31), 
(32). (42), (13), and (44) via launder; deliver first hutches lo proper shipping 
bin, second hutclxes of middlings to (33), third hutches from the 4-compart- 
ment jig^, of sphalerite, to (4S)^ overflows finm 3-compartment jigs to (49), 
and overfiows from 4'compartiiient jigs either to (24) or (3H), 

48. Special .settling tank. From (47) ; delivers sphalerite to (123) and over- 
flow to (104). 

49. Pulp thickener. From (20), (30), (31), (32), (42), and (47); delivers 
spigot to (50) and overflow to (101). 

50. Sump. From (49); delivers to (51). 

51. Elevator, From (50) ; delivers to waste dump, 

52. SpitJikasten. From (45): delivers spigot to (53) and overllow to (114). 

53. Pointed box. From (52); delivers spigot to (54) and overflow to (lQt>). 

54. Four Bilharz tables. From (53); deliver gsileiia to (97), gnh'na-pyrite 
to (67), pyrite-sphalerite to (77), sphalerite to (99), sphalerite nuddlings to 
(82), and middlings to (H7). 

55. Spitzkasten. From (21), (28), (59), and (61); delivers spigot to (56) 
and overflow to (113). 

56. Pointed box. From {i}fy)\ delivers spigot to (57) and overflow to (105). 

57. Twelve Bilharz tables. From (5G); deliver galemi midillings to (62), 
galena-pyrite to (67), pyrite-sphalerite to (77), sphalerite tf) (99), sphalerite 
ufliddlings to (S2),poor middlings to (87), tailings to (92)^ and, sometimes galena, 
to (97). 

5S. Sump. F>om the drainlngB of the jlg-produet shipping bins, drainings 
from three elevatoi-s in jigging department, (101), (102), (103). (104), (105), 
C106), (112). (113), (114). (115), (116), and (117); delivers to (59). 

59. Screen with 1-millimeter punched holes. From (riS); delivers oversize 
to (60) and undersize to {ih)), 

60. Elevator. From (59); delivers to (61). 

61. Trommel wdth 1 -millimeter punched holes. From (60); delivers over- 
size to (24) and undersize to (55). 

62. Sump for galena midtOings. From (57), (62), (71), (76), (81), and (86); 
delivers to (63). 

63. Elevator. From (62); delivers to (64). 

64. Spitzkasten. From ((3^^); deliviM>? spigot to (65) and overflow to (115). 

65. Pointed box. From (()4) ; delivers sjdgot to ((Ui) and overflow to (106). 

66. Two Bilharz tables. From (65) ; deliver galena to (97), galena middlim 
to (62), p3^rite mi<ldlings to (72), pyrite-sphalerite to (77), sphalerite midi' 

to (82), and poor middlings to (87). 



67. Sump for galena-pyrite. From (54), (57), (71), (76), (81), and (86); 
drlivera to (68). 

OS. Elevator. From (67); delivers to (69). 

09. Spitzkasten. From (ii>>); ilolivcrs spigot to (70) and overflow to (115), 

70- Pointed box. From (09); delivers spigot to (71) and overflow to (106). 

71. Four Biliiarz table:^. From (70) ; deliver ^alenii to (U7), galena midilliitgs 
to (62), galetiii-pyrite to (07), p3^rite middlingH to (72), pyrite-sphalerite to 
(77), and .^pfialtTite middlings to (S2). 

72. Sump for pvrite middlings. From (66), (71), (76), and (81); delivers 
to (73). 

73. Elevator. From (72); delivei-^ to (74), 

74. iSpitzkasten. From (73); delivers spigot to (75) and overflow to (115). 

75. Pointed box. From (74); delivers spigot to (7(j) and overflow to (UM>). 

76. Three HiHiari! tables. From (75); deliver galena middlings to (62)^ 
galena-pyrite to (67), pyrite to (98), pyrite middliiigB to (72), 8phalerit^-p>Tite 
to (77), and sphalerite middlings to (S2). 

77. Sump for pyrite'spbalerite. From (54), (57), (66). (71), (76), (81), 
(86), and (91); delivei-s to (7M). 

78. Elevator. From (77); delivers to (79). 

79. Spitzkui^ten. From (7s); delivers spigot to (SO) and overflow to (115), 

80. Pointed box. From (79); deliv*Ts spigot to (SI) and overflow to (106). 

81. Five Bilharjs tables. From (NO); deliver galena middlings to (t>2)» 
galena-pyrite to (67), pyrite middlings to (72), sphulerile-pyrit*' to (77), sphal- 
erite to (99), sphalerite middlings to (82), and poor mid<liijig,H to (87)- 

82. Sump for sphali-rke midtilings. From (54), (57), (66), (71), (76), (81)^ 
(86), (91), and (96); delivei-s to {S3). 

S3. Elf*vator. From (82); ilelivers to (84). 

84. SpitJikii^ten. From (S3); delivers spigot to (85) and overflow to (115). 

85. Pointed l)OX. l-'rom (S4) ; ^lolivers st)igot to (S6) and overflow to (106). 

86. Five Fiilharz tables. From (S5) ; dt^liver galena mirldlings to ('.i2), galena- 
pyrite to (67), pyrite-spbalerite to (77), sphalerite to (99), sphalerite iniddlinga 
to (S2), and poor middlings to (S7). 

87. Sump for poor middlings. From (54), (57), (66), (81), (86), (91), and 
(96); delivers to (88). 

88. Elevator. From (87); delivers to (89). 

89. Spiizkasten. From (88); delivers spigot to (90) and overflow to (113) 

90. Point<'d liox. From (S9) ; delivers spigot to (91), and overflow to (105). 

91. One Billiarz, one rounti, and on(^ linkeubaih table. From (90); the 
first table delivers sphalerite-pyrite to (77), sphalerite to (99), .sphalerite mid- 
dlings to (82), poor niidrl lings to (87), tailings to (92), and the last two talilea 
debver sphalerite middlings to (82), poor middlings to (87), tailings to (92), and 
final tailings to (100). 

92. Sump for tailings. From (57), (91), (96), and (101); delivers to (93). 

93. Elevator. From (92); delivers to (94), 

94. Sj)itzkasten. From (93); delivers .spigot to (95) and overflow to (113) 

95. Point I'd box. From (94); delivers spigot to (96) antl overflow to (105) 
9(i> One round and one Linkt^nbarh table. From (95) ; deliver sphalerite mid 

dlings to (S2), poor middlings to (S7), taihngs to (92), and final tailing.s to 000) 

97. Settling tank for galena. From (54), (57), (66), (71), and (81); delii 
galena to (120) and overflow to (112). 

98. Settling tank for pyrite. From (76); delivers pvrite to (124) and o^ 
flow to (112). 

99. Settling tank for sphalerite. From (54), (57), (81), (86), and (1 
delivers sphalerite to (123) and overflow to (112), 




I 1479. Mill 147, 



OUTLINES OF MILLS. 



1791 



100. Settling tank for tailingts. From (91) and (96); delivera tailings to 
(125) md overflow to (113). 

lOL Spitxkastcn with 10 spigots. From (49); delivers first four spigots to 
(92), last six spigots to (5?S), and overflow to (116). 

102. Spitzkasten with 5 spigots. From (32); delivers Hrst tiiree spigots to 
(107), last two spigots to (58), and overflow to (117)* 

KX'l Spitzka^Hten with 5 spigots. From (44), (46), and (109); deh'vers first 
four spigots to (107), last spigot to (58), and uv( rliow to (115). 

104. Spitzkasten with 5 spigots. From (3*i) and (48); i!elivers spigots to 
(58) and overlinw to (117). 

105. Spitzkasten with 10 spigots. From (50) and (90); delivei^ spigots 
to (58) anil overflow to (113). 

106. Spitzkusten with 5 spigots. From (53), (05), (70), (75), (80), and 
(S5) ; delivers spigots to (58) and uve'rdow to (115). 

107. Sump. From (102), (103), and (IIO): delivers to (108). 

108. Elevator. From (107); delivers to (109). 

109* Classifier with 2 spigots. From (108); delivers spigots to (110) and 
overflow to (103). 

110- Two 3-compartment jigs« From (109); deliver first hutches of sphal- 
erite to (123), second and third hutches of middlings to (107), and overflow to 

111. Settling tank. From (110); delivers tailings to wa^ste dump and, 
overflow to (115). 

112. Settling tank. From (97), (98), and (99); delivers spigot to (119) 
and overflow to (118). 

113. Settling tank. From (55), (SO), (94), and (105); delivers spigot whieh 
is analyzed and sent either to (119) or to waste dunifi, iiird overflow to (118). 

1 14. Settling tank. From (52) ; delivi-T-s spigot to (1 19) and ov<'rHow to (1 18). 

115. Settling tank. From (64), (69), (74), (79), (S4), (103), (106), and 
(111); delivers spigot to (119) and overflow^ to (118). 

116. Settling tank. From (101); delivers spigot to (119) and overflow to 
(118). 

117. Settling tank. From (102) and (104); delivers spigot to (119) and 
overflow to (118). 

US. Settling tank. From (112), (113), (114), (115), (116), and (117); 
delivers clear water back to mill system and tailings to waste dump. 

119. Tw^o mechanical feeders. From (112), (113), (114), (115), (110), 
and (117); deliver to (58). 

120. Shipping bin for galena. From (11), (19), (22), (29), (30), (31), (32), 
(42), (43), (44), antl (97). 

121. Shipping bin for low-grade sphalerite. From (5), (9), (19), (22), and 
(23). 

122. Shipping bin for eahimine. From (5), (9), (19). (22), and (23). 

123. Shipping bin for high-grade sphalerite. From (5), (9), (1 1), (19), (22), 
(29), (30), (31), (32). (42), (43), (44), {4N), (99), ami (110). 

124. Shipping bin for pyrite. From (5), (9), (11), (19), (22), (43), (44), 
and (98). 

125. Shipping bin for wa.ste material From (2), (9), (19), (23), and (100). ' 
The Billiarz tables used in this mill are 1 meter wide imd 3.2 metei-s long, 

have a long rubber belt passing over the end rollers, diagonal shake, and am 
supported in iron frames, I 

This plant operates during a lO-hour day shift and employs 64 men, 45^ 
girls, and 3 ovei^seers. The girls are employed at the picking tables. 

Eighty-five percent of the zinc minerals are recovered. 
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lu 1D04 the average assay of the total galena product was 66% lead. The 

rnarse galena eoncentratcH from the picking tables, cobbing, and the jigs ran 
70 to 75% lead and from the roneentrating tables fnun 50 to 60% lead. 

The pyrite product from the pinking table^^ eobbing^ and the jigs eshowg aa 
average analysis of 3% zinc, 0.5 to 2% lead, and 47 to 4S% sulphur; and from^ 
the tables, 7% isine, 3 to 4% lead, and about 46% sulphur* 

The mill is run by a 180 horse-power engine with condenser and cooling 
tower, taking steam from one of two w^ater-tube boilers having 164 square! 
meters of heating surface each. One boiler is supplied with a superheater and] 
furnishes steuni for the engine and the other boiler is held in resei-ve. 

§ 14S0. Mill No, 148. Mills Mining and Reduction Company, Hazel. 
Green. Wlscoxsin. — This plant lias a eapacity of about 2tK) tons per 10 
hours. **^ The ore eonsists of the economie minerals, galena, niarcasite, and 
sphalerite in a limestone gangue, and the run of mine ore assays about as fol- 
lows: 1% in lead, 9.o% in iron, and 9% in zinc, M 

The problem Ls to save the lead, iron, and ziuc values. The Trego roaster ■ 
and Waring magnetic separators which were installed ^^ did not serve the pur- 
pose intended and have been replaced by a Howell-White type of roaster and 
Cleveland-Knowles magnetic separators. The method of ore dressing in use 
in this mill is not typical Wisconsin practice*, but such a niodification of the 
Joplin practice as the exigencies of the situation have demantled. 

Oie fruni the mine goes to (1). 

L drizzly, 7 feet long, with bars of S-gnch shafting set 4.5 inches apart and 
havini^ a 16^ slojie. From the mine and (2); deliveiB oversize to (2) and under- 
size to (3). 

2. Spaller. From (1); delivers waste rock to <lump and ore, broken to 
pieces smaller than 4.5 inches, to (1). 

3. Hopper built of 2-inch oak plank and covered with 0,5-ineh boiler iron. 
Capacity 400 tons. Supported with 10 X lO-inch timbers and tied with 1- 
ineh iron rods and cjist washers. From (1); tk'livers to (4). 

4. SixttH'n-im4i BUkr^-ty]>e breaker, built by the <.uilena Iron Works, making 
275 thrusts per minute imd linving a capacity of 20 tons per liour. From (3jJ 
delivers crushed ore to (o), 

5. Rolls, 14 X 30 inches, made by the (lalena Iron Works and making 23 
revolutions per minute. Hamlle about 16 tons per hour. The shells are from 
the Joplin Foundry Company and have been in service over a year with na 
appreeisdjk* wear. From (1); deliver crushed ore to (6), 

(i. Twentj^-inch elevator with a 10-j)ly Ixdt, made of alternate layers of 
duck and rubber, having a speed of 300 feet per minute, antl buckets, set 18 
inches apart, elevating the ore 24 feet. From (o), (S),tind (13) ; delivei*s to (7) 

7. Trommel uf 0. lS7r>-]nch steel plate punched with 0.5-ineh hules, having 
a speed of 20 revolutions ptM* nu'nute, a slope of H°, and a capacity of 20 tons pe\ 
hour. From (0); delivers oveisize to (8) and undersize to (9). 

8. Rolls, 14 X 24 inches, making 25 revolutions per minute, having a ca- 
pacity of 10 tons per hour, and other details as in (5), From (7) ; deliver erushedl 
ore to (O). 

9. t)ne 7-compartmerit roughing jig with screens, 32 X 48 inches, made of" 
wrought-iron plate punrhetl with 0JS7r)-inch holes. Wire cloth screens clog 
so badly that they coultl not be used. Even with punched plate sei'eens 
hours a day are required to clean tliem. This is done by beating the scref*llj 
with a piece of old rubber belting attached to a w^ood(*n handle. The screer 
WTar about 6 months and it is tht* beating that destroys them* The plunge 
make 140 strokes per minute. The products are discharged from screens an 
Iiutches by means of Perfection gates. Requires 5 horse-power and 8 toni 
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of water per ton of ore treated. From (7) ; delivers clean galena to (11), rough 
sphalerite concentrates to (11), and tailings to (10). 

10. Eighteen-inch elevator with an 8-ply belt, a lift of 60 feet, and other 
details as in (0). From (9) and (14); delivers to tailings dump. 

11. Ten-inch elevator with a G-ply belt having buckets set 2 feet apart and 
other details as in (6). From (9); delivers to (12). 

12. Trommel with 0.375-inch round punched holes and other details as in 
(7). From (11); delivers oversize to (13) and undei*size to (14). 

13. Rolls, 14 X 24 inches, having a capacity of 2 tons per hour and other 
details as in (8). From (12), (15), and (21); deliver crushed ore to (0). 

14. Two 7-compartment cleaner jigs with screens, 28 X 42 inches. The 
plungers make 160 strokes per minute and all other details are as in (7). Re- 
quire 5 horse-power each. From (12); deliver finished galena, via cars, to 
smelter, middlings to (15), finished sphalerite concentrates to (16), and tailings 
to either (10) or (15). 

15. Elevator. From (14); delivers to (13). 

Roasting and Magnetic Separating Department, _ 

The material handled here consists of nearly equal parts of sphalerite and 
marcasite and assays about 0.5% in lead, 30% in zinc, 25% in iron, and 1.8% 
in calcium carbonate. 

16. Elevated hopper of 100 tons capacity. From (14); delivers to (17). 

17. Two Mathey cylindrical roasters which are a slight modification of the 
Howell- White furnace. Each has a capacity of 25 tons per 10 hours. From 
(16); deliver roasted ore to (18). 

18. Spiral conveyor. From (17): delivers to (19). 

19. P:ievator. From (18); delivers to (20). 

20. Concentric trommel with 0.25 and 0.125-inch holes in the screens. 
From (19); delivers the oversize to (21) and the two undersizes to separate 
machines in (22). 

21. Conveyor. From (20) and (22); delivers to (13). 

^2. Three Cleveland- Knbwles magnetic separators. From (20) ; deliver clean 
sphalerite concentrates to (23), middlings to (21), and tailings to tailings dump. 

23. Belt conveyor. From (22); delivers to (24). 

24. Elevator. From (23); delivers to (25). 

25. Shipping bins for sphalerite. From (24) ; deliver, via cars, to smelter. 
The galena concentrates assay about 80% in lead. 

In the sphalerite concentrates lead is penalized $1 a unit when in excess of 
1%, and lime $0.50 a unit when in excess of 2.5%. 

Two hundred tons of crude ore are mined in one shift of 9 hours and milled 
in one shift of 10 hours. Both are oj)erated but 6 days a week. 

The milling costs per ton of mill ore are divided up as follows. 

Labor tO.0060 

Power (90 horsepower) 0.1360 

SuppUes 0.0500 

Supervision and incidentals 0.0250 

Total t0."2760' 

Costs would be lower but for the inferior labor market and the high cost of 
fuel. 

The mill force is as follows: 

1 mil] man at $21.00 per week $Sli» 

2 mill helpers at 12.00 " " 84.00 

2 grizzly tendei^ at 12.00 " " 3100 

1 breaker feeder at 12.00 " " Jt** 

Omen at $13.50 " " |01 
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Blacksmiths are paid $15 per week, eaginecrs $15, firemen $15, carpeoieid 
$12, puiiip men $15, and )aborei-s $9. j 

Inferior Illinois eoal <*u,st8 $3. 10 per ton and a really good steaming coal c ostj 
$4*85 per ton f.o*b. the mine. ^1 

Power and Water. ^H 

The power plant consiHt*? of 3 boilers aggregating 500 horse-power ali8| 

divided up as follows; , 

One 125 horse-power Atlas high -pressure boiler. ^J 

'* 125 *' Brownell high-pressure boiler, ^H 

** 250 *' Bonson combination boiler, ^H 

The mill power is furnished hy a 90 horse-power Atlas engine, 14 X 20 
inehes. A 35 horse-power Atlas automatic high-speed engine, 10 X 16 inches, 
runs a '' Northern " dynamo of 30 kilowatts fajiaiity wliirh furnisher electricity 
for lighting the mint* iiod mill and fur exr itiiig tht- magnets in the separators. 
Sixty horse-power is required in running the* 3 hoists, 50 horse-power for the 
compressor, 50 horsi'-power fur the ground pumps, and 15 horse-power for the 
deep-well pump. A total, thercforf% of about 300 horse-power is reepnred to 
rmi the whole plant. A Sorgt*-Cochran purifying and heating system is used. 

Approximately 8 tons of water are required in the mill per ton of ore treated. 
Six hvmdred gallons per minute is the amount of water required and one-half 
of this comes direct from the mines. The remainder is secured by having a 
settling pond and re-using the water* The boilers require 3,000 gallons per 24 
hours. This, as wi'll as water for tlrinking and camp purposes, is furnished by 
a deep well, sunk 432 feet down to the St. Peters sanilstone. 

M. Mills Saving Lead, Zinc, and Copper Values, 

Mills 140, 150, and 151 are used to exenqilify this class in three districts. 
§ 14S1. Mill No. 110, Adelahje Mill, (loLroNOA, Nevai>a. — The ca- 
pacity of this plant is 125 Ions per 2 I hours/- Thr nniierals chalcopyrite, pyritc, 
sphalerite, and gali'iui occur finely <lisseniinated in a hard, dense quart7-oee 
gangue which contains spinel and garnet. The problem is to save the economic 
minerals, ehah^opyrite, pyrite, sphalerite, and galena. 
Ore from the mine is delivered to (1). 
L Bins of StM) tons capacity. From the mines; deliver to (2). 
Conveyor. From (1); delivers to (3). 
Elevator. From (2); delivers to (4). 
Conveyor. From (3); delivers to (5). 

Two breakers, 9 X 15 inches^ breaking to 1.5 inches. From (4); deliver' 
c rusher 1 ore to (0). 

0. Tliree rolls, 15 X 36 inches^ crnishing to from 0.25 to 0,375 inch. From 
(5); dt4iver croshed on* to (7). 

7. Twelve-inch belt elevator. From (6); delivei-s to (8). 

8tonige bins of 200 tons capacity. From (7); deliver to (9). 
Plunger frHnlers. From (S) ; deliver to (10). 

Four 5-foot Huntington mills with screens having 10 meshes to tl 
From (9); d(4iver pulp lo (11). 

Four Spitzkasten. From (10); deliver spigots to (12) and overflows to 
a settling pond. 

12, Two bf4t elevators. From (11); deliver to (13). 

13. Two Callow screens using wire cloth screens having 30 meshes to the 
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inch. Capacity about 05 tons per day. From (12) and (14); deliver oversize 
to (14) and uiidcrsize to (Li). 

14. Two Huntirij^ton iiiill!^ with wirt- cloth screens having 40 meghes to the 
inch. From (13); deh*ver pulp to (13). 

15. Dewateriiig and di.strihuting tanks. From (13); deliver the pulp thick- 
ened to the <if'sired consistency, via clistributor, to 25 4-tube series of Coates 
tubes, or 100 tubes in all, and overllow to Wiuste. 8ee Ore Dressing, § 11^55. 

J 14S2. Mill No. 150. New CENTii.AL Ore Drkssl\*j Plant, Clalsthal, 
Oermany.^*^-- This plant, having a capacity of 360 tons in 10 hours, was built 
in HX)4 and HK)5 and is located on a gently sloping site.** The builtliMgs are 
constructed of skeleton iron work ancl artificial sandstone and rover an area] 
of 5,881 square meters. They are heated by steam and lighted by electricity.*'' 

Four kinds of ore are treated. The upper Burgstadt ore contains 4J7% 
galena and 14.12% sphalerite; the lower Burgstadt ore contains 4,93% galena, 
20.95%, sphalerite, and 0.23% ehalcopyrite; the Rosenhof ore contains 7.83% 
galena and 10.51%, sphalerite; and the Zellerfeld ore eontain.s 10.34%, galena. 
The gangue is made up of nnca and argillaceous schi.sts with calcile, fluorspar, 
quartz and, in the Rosenhof district, spathic iron in very small quantities. 
The problem is to save the lead, zinc, and copper values separately. These ores 
vary in fineness of dissemination. The lower Burgstadt ore yields concentrates 
as coarse a*s 11 miHinieters, while the upper Burgstadt and Rosenhof ores re- 
quire crushing to 4 millimeters to free the values, Oonseriuently the ores are 
treateil separately an^l large storage bins are required for the accumulation of on^ 
ore while another is being run. The sphiderite is very brittle so that for all ore 
larger than 2.5 millimeters rolls are used for crushing, and for finer ore roller 
mills are employed. The null is divided into two main sections for different 
ores, antt, furthermore, the shines department is divided into several sections 
to treat the various materials coming from different parts of the mill 

A description of the treatment of the lower Burgstadt orcis will be given, 
as it will show, in general, the scheme followed out lor all ores. The ores are 
delivered to (1)* 

1. Receiving bins of 2,tlO0 tons capacity. From the mines; deliver, via 
wagons, to (2). 

2. Electric hoist. From (1), (6), and (7) ; delivers to (3) in one or the other 
of the two s^ection.-^. 

One section only is described, which has a capacity of 180 tons in 10 hours. 



CQarse-Crushing Depart menL 

3. Tipple. From (2); delivers to (4). 

4. GnV.zly wn'th 100-millimeter spaces between the bars. From (3); delivers 
oversixe, amounting to 20.0^;; of I he total ore, to (5) and undersize to (8). 

5. Spat ling platfonn. From (4) ; delivers ore attached to waste to (7) , milling 
ore? to (5), anil waste to dump. 

6. Breaker breaking to 65 millimeters. From (5); delivers crushed ore, 
via pocket and car, to (2). 

7. Cobbing table. From (5); delivers cobbed ore, via car, to (2) and waste 
to dump. 

8. Hopper. From (4); delivers, via feeder, to (9). 

9. Double* trommel with 50 and 32-millimeter holes and supphed wdth w^ater. 
From (S); delivers mat*"rial hirger thun 50 nnllimcters to (10), 50 to 32-milli- 
incter stuff to the outer ring o^ (12), and tlie undersize to (25). 

10. Picking table. 5 meters in diameter. From (9) ; delivers cobbing ore 
to boxes to be cobbed^ milling ore to (11), and waste to dump. 
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11. Fino breaker. From (10); delivers crushed ore to (15). 

12. I)oubl(» picking and cobbing table, 7 meters in diameter. The outer 
ring is fed from (9) and the inner ring from (16). Delivers galena, sphalerite, 
and silic(»ous shipping ores, via pockets and cars, to storage or smelter, waste 
to dump, milling ore from the outer ring to (13), and from the inner ring to (14). 

13. Coarse rolls, 1 meter in diameter. From (12) ; deliver crushed ore to (15). 

14. Medium rolls, 1 meter in diameter. From (12) ; deliver crushed ore to 
(15). 

Rolls Department, 

15. Bucket elevator. From (11), (13), and (14); delivers ore to (16) and 
overflow water to (77). 

16. Trommel with 32-millimeter holes. From (15); delivers oversize to 
inner ring of (12) and undersize to (17). 

17. Double trommel with 22, 16, and 4-millimeter holes. From (16); de- 
livers 32 to 22-millimeter stuff to (19), 22 to 16-millimeter stuff to (20), 16 to 
4-millimeter stuff to (18), and the undersize to (27). 

IS. Three trommels in series with 11, 8, and 5.6-millimeter screens. The 
undersize of one is delivered to the next, etc. From (17) ; deliver 16 to 11-milli- 
meter stuff to (21), 11 to S-millimeter stuff to (22), 8 to 5.6-millimeter stuff to 
(23), and 5.6 to 4-millimeter stuff to (24). 

19. One 3-compartment jig. From (17) ; deUvers the first discharge, as 
galena and sphalerite concentrates, to (39); the second discharge, as rich 
middlings, to (46) ; the third discharge, as poor middlings, to (58) ; and the 
tailings, as poor middlings, to (41). 

20.JOne 3-compartment jig. From (17); delivers the first discharge, as 
galena and sphalerite concentrates, to (40) ; the second discharge, as rich mid- 
dlings, to (40); the third discharge, as poor middlings, to (58); and the tailings 
to (71). 

21. One 3-conipartment jig. From (IS); delivers the first discharge, as 
galena and sphalerite concentrates, to (40); the second discharge, as rich mid- 
dlings, to (10); the third discharge, as poor middlings, to (58); and the tailings 

22. One 4-conipartment jig. From (IS); delivers the first discharge, as 
galc^na 0()nc(Mitia1(\*<, via pocket and car, to storage or smelter; the second dis- 
charge, as rich middlings, to (40) ; the third and fourth discharges, as poor 
miilillings, to (oS) ; and the tailings to (71). 

23. One 4-c()nipartm(»nt jig. From (IS); delivers the first discharge, as 
gal(*na conccMit rates, via pocket and car, to storage or smelter; the second dis- 
churg<\ as rich middlings, to (40) ; the third and fourth discharges, as poor 
middlings, to (oS) ; and the tailings to (71). 

21. One [-compartment jig. From (IS); delivers the first discharge, as 
gah^na concern t rat (»s, via pocket and car, to storage or smelter; the second dis- 
charge, as rich middlings, to (40); the third and fourth discharges, as poor 
middlings, to (oS)] and the tailings to (71). 

Mine Fines Department. 

2'). Double trommel with 22, 16. and 4-millimeter holes. From (9); 
delivers 32 to 22-millimeter stuff to (29), 22 to l()-millimeter stuff to (30), 16 to 
4-millinieter stuff to (20), and undersize to (27). 

20. Thre(» trommels in series with 11, 8, and 5.6-millimeter holes. The 
dersize of one is delivered to the next, etc. From (25); deliver 16 to 11- 

•meter stuff to (31), 11 to S-millimeter stuff to (32), 8 to 5.6-millimet^r 
to (33), and 5.6 to 4-millimeter stuff to (34). 
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27* Three trommels in series with 2.S, 2,0, ami 1. 4-niillinu'ter holes. The 
uiidrrsize of one is delivered to the next, ete. From (17) ami (2.1); deh'ver 
4.0 to 2.S-miIijmeter stuff to (3"i), 2.S to 2n-nijllimeter ^tiilT to (3G), 2.0 to L4- 
iiiiliimeter stuff to (37), and the undi*j>*ize to (2S). 

2S. Hydraulic classifcr with 4 spigots. From (27); dehvers each Bpigot 
to one jig in (3S) and overflow to (77), 

21K One 3-eompiirtnient jig» From (25); delivers the first disrharge, as 
galena aiul sphalerite eoneentrates, to (39); the soeond discharge, as rich mid- 
dlings, to (46); the third discharge^ as poor middlings, to (oM) ; nn<l the tailings, 
as poor middlings, to (41). 

30. Two 3-eompartnient jigs. From (25); deliver the fii-st disi-hiirges, as 
galena ancl sphalerite eom^entrates, to (40) ; the second discharges, us rich mid- 
dlings, to (46); the third discharges, ai^ poor middlings, to (58); and the tailings 

31. Two 3-eonipartment jigs. From (20); rleliver the first discliarges, as 
galena and sphalerite concentrates, to (40); the second discharges, as rich 
middlings, to (40); the third discharges, as poor midtilings, to (iy'^}; and tho 
tailings to (71). 

32. Two 4-eompartment jigs. From (20); tit'livcr the first discharges, as 
galena concentrates, via pockets and car, tu slorjtgt* nr smelter; the second dis- 
charges, a.s rich middlings, to (40); the third ami fourth discharges, as pofir 
middlings, to (58); and the tailings to (71). 

33. Two 4-compartment jigs. From (20); deliver the first discharges, as 
galena concentrates, via pockets and car, to storage or smelter; the second dis- 
charges, as rich iiiid<llings, to (40); the third and fourth discharges, as poor 
niidillings, to (58); and the tailings to (71). 

34. One 4-compartment jig. From (26); delivers the first discharge, as 
galena concentrates, via pocket antl car, to storage or smeU(>r; the second dis- 
charge, as rich middlings, to (45) ; the third antl fourth discharges^ as poor 
middlings, to (58); and the tailings to (71). 

35. Two 4-compartment jigs. From (27); deliver the first hutch products, 
as galena concentrates, via pockets and cur, to storage or smelter; tlie second 
hutch proilucts, as galena middlings, to (12); the third imd fourth hutch prod- 
ucts, as poor middlings, to {'"yiy); and tlie tailings to (71). 

36. Tw'O 4-compartment jigs. From (27) ; deliver the first hutch products, 
as galena concentrates, via pockets and car, to storage or smelter; the s<'cond 
hutch products, as galena middlings, to (43) ; the third and fourth hutch products, 
as poor niiildlings, to (58); and the tailings to (71). 

37. Two 5-compartment jigs. From (27) ; deliver the first hutch products, 
as galena concentrates, via pockets and ear, to storage or snuvlter; the second 
hutch products, as galena middlings, to (44); the third and fourth hutch prod- 
uet.3, as sphalerite concentrates, via pockets and car, to storage or smelter; the 
fifth hutch products, as poor middlings, to (oS): and the tailings to (71). 

38. Four 5-compartment jigs. From (28) ; deliver the first hntch products, 
as galena concentrates, via fiockets and car, to storage or smelter; thi' second 
hutch products, as galena mitldlings, to (15); the third and fourth hutch protl- 
uct«, as sphalerite concentrates, via pockets and car, to storage or smelter; the 
fifth hutch products, as poor middh'ngs, to ('*>>) ', and the tailings to waste. 

39. Cobbing table. From (19) arid *(2ff); delivers galena ore, via pockets 
ancl car, to storage or smelter and a rich middhng product to (46). 

40. Cobbing bench. From (20), (21), (30), and (31); delivers galena ore, 
via pocket and car, to storage or smelter and a rir*h middling product to (46). 

41. Cobbing table. From (19) and (29); delivers a poor middlings product 
to (58) and waste rock^ via pocket and car, to dump. 



42. One 3-compartraent jig. From (35). (54), and (67); delivers the first 

hutch protlurt, ai^ galena con cent ratios, via pocket and car, to storage or smelter; 
the sernnil hutch product, as rich miildlings, to (4G) ; the third hutch product, 
as sphalerite concent nites, via pocket and car^ to storage or smelter; and the 
tailings, as poor mirldhngs, to (58). 

4X One 3-conipartnient jig. From (3(>), (55), and (6S); deliver^^ the firet 
hutch product, as galena concentraten, via pocket and car, tr<3 storage or .smelter; 
the tiecond hutch product, an rich niiddlingH, to (46); the third hutch product, 
as sphalerite concentrates, via pocket and car, to storage or sraelt'er; and the 
tailings, as poor tailings, to (58). 

44. One 3-compartment jig. From (37), (56), and (69); delivers the first 
hutch product, as galena concern t rates, via pocket and car, to storage or smelior; 
the .Hccond hutch product, as rich mitldlings. to (46) ; the third hutch product, as 
sphalerite coiicentrati»s, via pocket and car, to storage or snietter; and the tailings, 
as poor middlings, to (5S). 

45. One 3-conipartment jig. From (38), (57), and (70); delivers the first 
hutch product, as galena concentrates, via pocket and car, to storage or smelter; 
the second hutch product, as rich middlings, to (46); the third hutch product, 
as sphalerite concentrates, via pocket and car, to storage or smelter; and the 
tailings, as poor middlings, to (58). 



Rich-Middlings Depaiimen L 

46. Bucket elevator. From (19), (20), (21), (22), (23), (24), (29), (30). 
(31), (32), (33), (34), (39), (40), (42), (43). (44), (45), (53), and (66); deliver 
ore to (47) and overflow water to (80). 

47. Tronmiel with 2.5-niillimeter holes. From (46); delivei-s oversize to 
(48) and un<lei*size to (49). 

48. Fine rolls, 1 meter in diameter. From (47) and (51); deliver crushed 
ore to (50). 

49. Roller mill with a 1-miliinieter screen. From (47); delivers pulp to (50)» 

50. Bucket elevator. From (48) and (49); delivers ore to (51) and over- 
flow water to (75). 

5L Three sectional trommels in series with 5.6, 4.0, 2.8, 2.0, and L4-milli- 
meter screens. The last undersize of one is delivered to the next, etc. From 
(50); deliver material larger than 5.6 miJlimeters to (48), 5.6 to 4.0-millimeter 
stufif to (53), 4.0 to 2,S-millimeter stuff to (54), 2.8 to 2.0-millimeter stuff to 
g5), 2.0 to L4-millimeter stuff to (o(}), and 1.4 to 0-milHmeter stuff to (52). 

52, Hydraulic ciassifier with 2 spigots. From (51); delivers each spigot to 
one jig in (57) and overflow w'ater to (75), 

53, One 4'Cnm[iartnient jig. From (51); delivers the first discharge, as 
galena concentrates, via pocket and car, to storage or smelter; the seeontl and 
third dLscharges, as rich middlings, to (46) ; the fourth discharge, as poor mid- 
dlings, to (58); and the tailings, as poor middlings, to (r^H), 

54, One 4-'Compartment jig. From (51); delivers the first hutch product, 
as galena concentrates, via pocket and car, to storage or smelter; the second 
hutch product, as galena middlings, to (42); the third hutch product, as sphal* 
erite nuVItUings, to (42); the fourth hutch product, as poor middlings, to (58); 
and the tailings, us poor midcOings, to (58). 

35. One 4-compartment jig. From (51); delivers the first hutch product, 
as galena concentrates, via pocket and car, to storage or smelter; the second 
hutch product, as galena middlings, to (43); the third hutch product, as sphal- 
erite middlings, to (43); the fourth hutch product, as poor middlings, to (58); 
and the tailings, as poor middlings, to (58). 
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56. One 4-compartment jig- From (51); delivei's the first hutch product, 
as galriia caneontrales, via purket and far, to stomgo or smekor; the second 
hutch product, as galena niiddlin^s, to (14) ; the third atul f<mrth hutch prod- 
ucts, as sphalerite concentnite^, via pockets and car, to storage or smelter; and 
the tailings, as poor mirldliiigs, to (5S). 

57. Two 4-coinpartnicnt jig.s. From (.12); deliver the first hutch products, 
as galena concentrate:>j, vm pockets and car, to storage or smelter; the second 
hutcli products, as galena middlings, to (45); the third and fourth hutch prod- 
ucts, as sphalerite ,conccrUratf's, via pockets and car, to storage or smeller; and 
the tftiKngs, as poor middlings, to (5S). 



Poor-Middlings Department. 



58. Bucket elevator From (19), (20), (21), (22), (23), (24), (29), (30), (31), 
(32), (33), (34), (35), (36), (37), t3K), (41), (42), (43), (44), (45), (53), (54), (55), 
(56), (57), (66), (07), (68), (69), and (70) ; delivers ore to (59) and overflow water 
to (80)- 

59. Double trommel w^ith 5.6, 4.0, and 2.5-millinieter holes. From (^>H) ; 
delivers material larger than 5.6 millimeters to (60), 5,6 to 4.0-iniilimeter stuff 
to (61), and 4.0 to 0-millimeter stuff to (62), 

60. Fine rolls, 1 meter in diameter. From (59); deliver crushed ore to 

61. Fine rolls, 1 meter in diameter. From (59) and (64); deliver crushed 
ore to (63). 

62. Three roller mills with 1-millimeter screens. From (59); deliver pulp 
to (63). 

63. Bucket elevator. From (60), (61), and (62); delivers ore to (64) and 
overflow watcT to (72), 

64. Thrr»e sectional trommels in series %vith 10.0, 5.6, 4.0, 2,S^ 2.0, and L4* 
millimeter holes. The last undersize of one is ilelivered to the next, etc. From 
(»>i); deliver material larger than 5.6 millimeters to (61), 5.6 to 4,0-mitlimeter 
stufT to (06), 4.0 to 2.S-millimeter stuff to (67), 2.S to 2.0-millimeter stuff to 
(58), 2,0 to 1.4-millimeter stuff to (69), and the undersize to (65). 

G5. Hydraulic classifier with 4 spigots. From (64); deli vet's each spigot 
one jig in (70) and the overflow water to (72), 

66. Two 4-compartnien1 jigs. From (64); deliver the first discharges, bs 
_ lena concentrates, via pockets and cur, to storage or srurltfr; thr second dis- 
rharges, a*? rich middlings, to (16); the third and fivurth discharges, as poor 

dtltings, to (58); and the tailings to (71), 

67. Two 4-compailment jigs. From (64) ; deliver the fin?t hutch products, 
galena concentrates, via poekets and car, to storage or smelter; the second 

hutch products, iis galena mitldlings, to (42); the third ami fourth hutch prod- 
ts. 11^ poor middlings, to (5S) ; and the tailings to (71). 

68. Two 4-comjiartment jigs. From (64) ; di'liver the firstt hutch products » 
galemi concentrates, via pockets and car, to storage or smelter; the second 
tch products, as galena middlings, to (43) ; the third and fourth luitch prod- 
t.*«, as poor middlings, to (5S); and the tailings to (71). 

69. Tw^o 5-compartment jigs. From ((54); deliver the first hutch products, 
galena concentrates, via pockets and car, to storage or smelter; the second 
tch products, as galena middlings, to (44) ; the third and fourth hutch prod- 
is ♦ as sphalerite concentrates, via pockets and car, to storage or smelter; the 

Ifth hutch products, as poor middlings, to (58) ; and the tailings to wtiste, 
i 70, Four 5-corapartment jigs. From (65) ; deliver the first hutch proflucts, 
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hutch products,^ as galena middlings, to (45); the third and fourth hutch prod- 
urts, lis rt|yiiidL*rIte euncentniti's. via pockets and car, to storage or «nieUer; the 
tiflli hutch products, ad poor middUngs, to (.^8) ; and the tailings to waste. 

Tailin/js Elevator, ' 

7L Bucket elevator From (20), (21), (22), (23), (24), (30), (31), (32), 
(33), (34). (35), (36), (37), (56), (67), and {<5S); delivers taihngs to waste and 
overflow water to (7U). 

Slimes Deparirtient, ^i 

One slimes department serves both sections of the milk ^B 

72. Spitzkasten for poor sHmes middlings. From (63) and (65); delivers 
spigots to (74) and overflow to (90). 

73. Two I'Conipartnient jigs wJiich may he used here in place of the spitz- 
ka^stcn. Tliey deliver the first hutrh products, iis gak^na concentrates, via 
pockets and car, to storage or smelter; the second hutch products, as galena 
sh*mes middlings, to (81); the third huirh products, as sphalerite concentrates, 
via pockets and car^ to storage or smelter; the fourtii hutch products, as sphal- 
erite slimes middlings, to (84); and the tailings to waste. 

74. Six Humboldt riffle tabk's of the Wilflcy type. T%vo Bartsch pc^rcus- 
sion round tables, two llwrz round rotating ccmeiit-buddles. From (72) ; deliver 
galena conccntiates, via pockets ancl ear, to storage or smelter; galena slimes 
middlings to (SI); sphalerite concentrates, via pockt^ts and car, to storage or 
smelter; sphalerite slimes midtUings to (84); poor slimes middUngs to (87); antl 
tailings to waste. 

75. Spitzkasten for rich slimes middlings. From (50) and (52); delivers 
spigots to (76) and overflow to (DO). 

76. One Hund:>oldt riffle table of the Wilfiey type. One Harz round rotat* 
ing cement-buddle. From (75); deliver galena concentrates, via pockets and 
car, to storage or smelter; galena slimes middlings to (81); sphaleiite concen- 
trates, via pockets and car, to storage or smelter; sphalerite slimes middlings to 
(84); and siimes tailings to (K7). 

77. Spitzkasten for slimes carrietl in crude ore. From (L5) and (28); tie- 
livers spigots to (78) and overflow to (110). 

78. Six Humboldt riffle tables of the Wilfiey type. Two Bartsch percus- 
sion round tables. Two Harz round rotating cement-buddies. From (77); 
deliver galena concentrates, via pockets and car, to storage or smelter; galena 
slimes nuddlings to (81); sphalerite concentrate's, via pockets and car, to storage 
or smelter; sphalerite slimes middlings to (84); poor slimes middUngs to (87); 
and tailings to waste. 

79. Spitzkasten for tailings slimes. From (71); tlelivers spigots to (87) 
an<l overflow to (00). 

80. Spitzkasten for slimes overflow^ of nuddlings elevators. From (16) and 
(58); delivers spigots to (84) ami ovi-rflow to (IR)). 

51. Pump for galena slimes middlings. From (73), (74), (76), (78), (S3), 
(86), and (89); delivers to (82). 

52, Spitzkasten for galena slimes middlings. From (81); delivers spigot^s 
to (S3) and overflow to (00), 

83. One Humlioldt riffle table of the Wilfiey type. Two Bartsch tables* 

Vrom (82) ; deliver galena conc(^nt rates, via pockets and car, to storage or 

melter; galeua slimes middlings to (81); sphalerite concentrates, via pockets 

rxA car, to storage or smelter; sphalerite slimes middlings to (84); and poor 

slimes middlings to (87). 
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84. Punip for sphalerite slimes mirUllitigs. From (73), (74), (76), (78), 
(80), (S3), (Sa), and (S9) ; ilcliver.H tu tMr>). 

85. Spitzkastcn for sphalerite i^limes iniddlings. From (84) ; delivers spigots ij 
to (8ti) and overflow to (M), 

86. Three Humboldt riffle tables of the Wilfley type. Two Rarz round 
rotating crment-buddle.s. From (85); deliver guh^na conrentrateH, via pockets 
and car, to storage or smelter; galena slimes mitldling.s to (81); yphnlerite con- 
centrates, via pockets and rar, to storage or smelter; spiialeritc slimes middlings 
to (84); and poor slimes middlings to (87). 

87. Pump for poor slimes middlings. From (74), (76), (78), (79), (83), 
and (86); delivers to (88). 

88. Spitzka^ten for poor slimes middlings. From (87) ; delivers spigota 
to (89) ami overflow to (90). 

89. Three Humboldt riffle tables of the Wilfley type. Two Ilarz round 
rotating eemcnt-buddles. From (88); deliver galena slimrs middlings to (81); 
sphalerite eonct-ntrates, via pockets and car, to storage or smelter; sphalerite 
slimes middlings to (81); and lidlings to waste. 

90. Thirty-six settling tanks. From (72), (75), (77), (70), (80), (S2), (85), 
and (SS) ; deliver settl*Mi slimes to the old mill to be conrentratt^d and the over- 
flows, via two 3()0'millimet(>r ccnitrifogal pnmps, to a tank at the top of the mill 
building ami thencu to the mill system again. 

There are 96 jigs in tlie whole mill. All have pitch pine bodies and sieves 
450 X 950 millimeters. The 3-com|)artment jigs are accelerated jigs while the 
4 and 5-eompartment jigs are Harz eccenti'ic jigs. 

In the slimes department the Humboldt tables treat the eoar.se material, 
the Bartsch tables ireat t!ie medium material, and the Harz convex round 
buddies treat the fine material. 

The eoarse nnll*tailings are used to make a dam ami the fme tailings are 
run in behind the eoarst*. The water filters through the dam and comes out 
clear and ready for re-use. 

Section IL 
{CapaciUj 180 tons in 10 hours). 

This section is practically the same as the first st^etion. It treats ores that 
are more coarsely disseminated and tMinsequently tlie eobbing and hand pit^k- 
ing yield some high-grade galena, si>tialoriti', ami chalcnpyrite ores. Thrre are 
slight differences in the sizes of the holes of the trommels locateci in the rich 
and poor-middlings dei>artments, and the quality of the products from the 
various jig compartments is not the same as in the first section. 

The average work of one year shows that 100 tons of crude ore yielded: 

0.99 ton of galena concentrates from hand picking. 
2.21 ttms of galena coneentrates from jijiging. 
0.55 Un\ of gftlena coneentratt^s from talditig, 
LOo tons of spludcritt* coneentrates from hand picking. 
0.32 ton of sphalerite concentrates from jig hefts. 
9;93 tons of sphalerite coneentrates from jigging. 
4.34 tons of sphalerite eoneentrates from tabling, 
80.01 tons of waste rock and tailings. 

The galena concentrates averaged to run 72.53% in lead; the sphalerite 
coneentrates, 54.39% in zinc; and the tailings averaged to contain i)Mi)% in 
It^ad and 1.S8% in sphalerite. fVjmpared with the old mill which i-mployed 
450 men this mill uses only 250 and works but one lO-hour day shift ^er *Zlt«i\MH*. 
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Power and Water. 

Tho power is generated in two cr^ntral stations, Roscnhnf and Einersherg, 
In the Rosenhof station there are two hytlrmilie turbines; one has an effeetive^ 
fail of ON feet, and, with an effit-ieney of 77^^, develops 25.5 horse-power; the 
other, with a fall of (iO.75 feet and the Hiime efficiency, develops 10*5 horse 
power. Th(^se turliines are direct btdted to two 530-volt direct-current genera 
tor's whr<'h furnish power for the mine. In the Einersherg rotation, four gas 
engines and three turbines are in.stall**d. The turbines are of IS, 170, and 60 
effeetive horse-power respectivcl}-; they are direct Ixdted to 530-volt direct- 
current generators. The three gas engines are similarly constructed, each 
for an effective horse-power of 15li They are horizontal, single-cylinder, four- 
cycle engines operating on the Korting gas system. Each producer sufhees 
for 150 horse-power. These engines ilrive 530- volt direct -eurrent genera toi^ 
and the combined power is conveyed to the mill and thence to the mine where 
it is tmited with the power from the lioserdiof station. To transform the high 
tension eurrent for lighting |)Liri)nses a small direct-current transformer is erected 
in the Einersberg station, which steps thf^ current down to 250 volts. 

Two 210 horse-power direct-curn'nt electric motors run the two sections of 
the mill; one 70 horse-power motor runs the slimes department; two 100 horse 
power motors run the two centrifugal pum|)s, and one 2.4 horse-power motor 
runs the hoist. 

The mill requires 20 cubic meters of water per minute. Eighteen cubic 
meters can be drawn from the supply tank at the top of the milL Twelve 
cubic meters, which go off with the tailings an {1 are lost^ arc supplied to the ^limea j 
ttepartment as fresh water. I 

J 1 t.s:j. Mill No. 151. The Compania Ml\er.\ Del Tiro General, Char- 
CAs, 8an Li ls Potosi, Mexico.'^' — The ores treated contain the following 
minerals in a siliceous limestone gaogue: pyrite» sphalerite, galena and ehal- 
copyrite as well as stnne surface carbonates and oxides which, when sorted and 
mixed with sorteil sulphidf^s, keep the zinc below the penally linut and allow 
the shipment of sonie ervde ores. All attempt at compactness was sacrificed 
in the crushing and screening department for the use of an old mill having 
walls 1 meter thick. All the eoncentrating apparatus, however, is located in 
a new and separate structure built of corrugated iron."^* Higher grade ore from 
the nniie is ilelivere<l to (1) and lower grade ore ti> (2). 

1. (he-sorting p^itio. Front the mine; delivers high-grade copper ore which 
is mixed with surface carbonates to the smelter at Aguasealientes, high-^radc 
lead ore which is mixed with surface carbonates to the smeitcr at Monterey ^ 
and low-grade ores to (2), 

2. Blake breaker of Cananea type with a 10 X 20-inch jaw opening break 
ing to 1.5 inches, (.'apacity, about 15 tons per hour. From the mine and (1); 
delivers crushed ore to (3). 

3. l^^levator. From (2); delivers to (4). 

4. Trommel with E25-inch roun<l holes punched in steel plate. From (3)f 
delivers oversize to (5) and utidersize to ((i). 

5. Bhike breaker with a 7 X 12-mch jaw opening breaking to 0.5 inch. From 
(4); delivers crushed ore to (ti). 

6. Mill feed bin of about 80 tons capacity with bottom sloping at 45^ From' 
(4) and (5); delivers to (7), 

7. Trommel with 0.5-inch rountl holes punched in steel plate. From (G) 
delivers oversize to (S) and inidersize to (H). 

S, I'rasi'r und Chalmers roughing rolls crushing to 0.5 inch. From (7) and; 
(10); deliver crushed ore to (9)» 
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9. Elevator. From (7) and (8); delivers to (10). 

10. Trommel, with 0.r>-inch rountl punched holes, milking 18 rcvolution« 
per minute. Fram (1*); delivers oversizf to (S) imd untieinize to (II). 

11. Shaft drier, 3.5 X 6 feet and about 30 feet high, hjiving longitudinal 
deflectors for arresting the fall of the ore- The top its trapped .ho thiit a current 
of air, moved by a No. G fau, is drawn through a heating grate at tlie bottom, 
Thu.s a large volume of slightly heated air pro<lures a maximum drying effect, 
with a minimum of fuel. From (10); ck-livei-s dry ore to (12), 

I 12. Sampler. From (11); delivers sample to assayer and reject to (13). 

I 13. Elevator. From (12) and (15); delivers to (11). 

r 14. Trommel, with 0.1875-inch round punched holes, makirjg 18 revohi* 

tions per minute. From (13); deliver oversize to (15) and uodersize to (16). 

15. El Pa.^o Foundry t-ruvvprtible rolls, 14 X 36 inches, crushing to 0.1 S75 

inch and making 70 revolutions per minute. Use Midvale steel shells. From 

(14); deliver crushed ore to (13). 

10. Elevator. From (11) and (18); dellvens to (17). 

17. Sixteen-niesh Colorado Iron Works iujpact screen having a slope of 
25^ and making 100 throws per minute. From (16); tielivers oversize to (18) 
and uudersize to ( HO- 
IS. El Paso Foundry convertible rolls, 14 X 36 inches, crushing to 16 mesh 
and making S5 revolutions per minute. Use Midvale steel shells. From (17); 
deliver crushed ore to (16). ^ 

19. Elevator. From fl7); delivers to (20). 

20. Twenty-six mesh Colorailo Iron Works impact screen having a slope of 
25° and making 100 throws per minute. From (10); delivers oversize to (21) 
and undersize to (22). 

21. El Paso Foundry' convertible rolls^ 14 X 36 inches, ei*ushing to 26 me.sh 
and making 1*5 revolutions per minute. Use Midvale steel shells. From (20); 

f deliver crushed ore to (22). 

f 22. Canby meclianical pneumatic disc dust-«eparator, 2S inrhes in diameter. 

FYom (20)t (21), and air drawn from all roll housings and t'I*'Vators; delivers 

dust (9S''' tlvrough 200 mesh) to (23) and ore to (24). 

23. Collector of the Cyclone type. From (22). Dust stored for future 
ei>ecial treatment. 

24. Elevator. From (22); delivers to (25). 

25. Sutton, Steele, and Steele vibrometer ore-sizer in the screening tower. 
From (24); delivers six sizes; on 26-mesh, through 26 on 34, through 34 on 46, 
through 46 on 60, through 60 on 70, ami through 70 mesh, each size to a separate 
bin in (26). 

26. Six bills of from 4 to 8 tons capacity with bottoms sloping at 45°, From 
(25); deliver to resjKn-tive tabk's in (27). 

27. Six Suttoji, Steel(% and Steele pneumatic dry tabl«'s, 12 fe(4 long, 5 
feet wide, and nniking from 'AH) to 450 throws prr minute, each from 0.375 to 
0.75 inch in length. Th<* pervious fleck and constant air current cause mobility 
and the impervious strips under the iabU* ileck cause the riflies which, together 
with a reciprocating mov(*ment, give tlie separation. Short strokes and high 
speeds are ust*d on coarse material and vice versa on fine material. Each table 
has a capacity of over 40 metric ions on the coai^er sizes and from 12 to 25 
metric tons on the fine.st sizes per 24 hours. From (26) via trafiped feed; 
deliver lead concentrates, via pipe and sacks, to smelter; lead-iron-zinc n>iddlings 
to (28); zinc concentrates, if they contain but little copper, via pipe and sacks, 
to smelter; and if they contain much copper, via pipe, to (33); zinc-silica tr 
dlings to (28); and tailings to (34), 

28. Eight-inch Robins belt conveyor having a speed of 200 feet pel 
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a capacity of 25 tons per hour, and an inclination, for a part of the distance, of 
22^. From (27); delivers to (29). 

29. Elevator. From (28); delivers to (30). 

30. Sutton, Steele, and Steele vibrometer ore-sizer. From (29); delivers 
10 sizes to separate bins in (31). 

31. Ten bins with details as in (26). From (30); deliver, periodically, 4 
at a time, to (32). 

32. Four Sutton, Steele, and Steele pneumatic dry tables. For other details 
see (27). Each table receives a given size from a bm in (31) and delivers lead 
concentrates, via pipe and sacks, to smelter; zinc concentrates if they contain 
but little copper, via pipe and sacks, to smelter; and if they contain much copper, 
via pipe, to (33); and tailings to (34). 

33. Sutton, Steele, and Steele dielectric separator. From (27) and (32); 
delivers copper-iron concentrates, via sacks, to smelter, and zinc concentrates, 
via sacks^ to smelter. 

34. Eight-inch Robins belt convevor with details as in (28). From (27) 
and (32) ; delivers to (35). 

35. Tailings bin. From (34); delivers to tailings dump. 

Magnetic separation was impossible at this plant because the sphalerite 
was of the ''resin jack" variety and non-magnetic, there was too little iron 
present to roast and separate, nor was there water enough to warrant the erec- 
tion of a wet plant. 

It is claimed that the present plant is making zinc concentrates running 
from 50 to 53% in zinc, and that the separation is much sharper and the tail- 
ings 50% cleaner than could be obtained with wet tables. 

All the elevators are of 12-inch, 6-ply "Lc»viathan" belting having speeds 
of about 250 feet per minute and pressed-steel buckets, 5.5 X 10 inches. 

For furnishing air to the tabl(»s there are 3 sizes of American Blower Com- 
pany exhaust fans, Nos. 0, 5, and 4, the largest on the coarsest and the smallest 
on the fin<'st mesh. They run at 1,000 revolutions per minute and must handle 
dust-free air. 

Labor and Wages. 

Two ri-hour shifts per 24 hours are employed at from $0.75 to $1.50 per 
shift.^ 

Power. 

The present power plant consists of old slide-valve engines economized by 
cross-c()ni})ounding tiie small tables engines to the somewhat larger "Atlas'' 
roll and crusher engine. About (SO horse-power is required by the whole plant, 
of which tiie crushers and rolls use 30 horse-power. 

N. Mills Savixcj Zinc and Manganese Values. 

Mill 152 is the typical plant belonging to this group. 

JJ MSI. Mill Xo. 1.')2. No. 2 iMiLL of the New Jersey Zinc Company, 
Franklin Fi: knack, New Jersey. — This milP'* *®® is composed of five de- 
partments, witii storage between each department, as follows: ^^ 

Rough-crushing department 150 tons capacity per hour 

Fine-crusliing department 100 tons capacity per hour 

Storage and sizing department .... 100 tons capacity per hour 

Separator House A, 

Magnetic separating department . . 50 tons capacity per hour 
Jig and tabic? department 25 tons capacity per hour 
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The crude ore treated consists of tho folluwm*^ importiint economic minrrals: 
zincite, willemite, and franklinite, with a ininiKwr of zinc-bearing niiiu^rals of 
minor importance too numerous to mention, fus there are about 80 minerals 
encountered at this place, aiso a gangue of cak-ite an<l l>iotite. J 

The problem is to s(>parate the material into four clasnes. 1 

A, First magnetic product of fraidclinite which is shipped to the works 
and reituccd in the zinc oxide furnaces. The residue from this pioiluct is then 
treated in tJie spiegcl furtmcos. 

B. Second nuignetie product of fowlerite, garnet, tepliroite, and other 
silicate of manganese minerals containing zinc, which is shipped to the works 
and reduced in the zinc oxide furnact*s. The residue frum this prf^luct is dis- 
cardeil. being high in silica. 

C\ Jig and table concentrates, zincite and willemite, which nrc shipped 
to the works, also to Europe, and reduced in the speltcT furnaco', niaking the 
highest grade of spelter prothiced. 

D. Jig and table tailings^ calcitc* with a very small percent of hiotite, which 
IS shipped to market for concrete, to the mine for filling^ or to the waste dump. 

Rough-Crushing Department, ^ 

The ore comes from ore bins of 200 tons capa(*ity at the Parker shaft, ore 
bins of 1,400 tons cajiacity at the Taylor mine, and from the Sterhng Hill mine 
at Ogdensburg, New Jersey. It is delivered, via 50-ton hojjpei-bul tuniedj 
standard -gauge steel (*ars, to (I). J 

L Track scak*s. From cars; <leHver to (2). ' 

2. Four loading pockets, two at tlu^ collar, one at the ToO-foot level, and one 
at the tJ50-foot level of tlu^ Palmer shaft. The first two have a capacity of 350 
tons each and discharge via four automatic loading chutes. The last two 
pockets have a capacity of SOO tons eaf*h and discharge via eight automatic 
loading chutes. From (1); deliver to (3). 

3. Four skips of 5 tons capacity eacli. From (2); deliver to (1). 

4. Grizzly, IS X 23 feet, having o-im^i spacrs between the bars ami aslope 
adjustabk* between 40 and 50°. From (3); delivers oversize to (5) and under* 
size to (10). 

3. Hopper and chute of 50 tons capacity. From (4) ; delivers to (6), 

6. Adjustable feed-roller. From (o) ; delivers to (7). 

7. Trommel, 4X8 feet, with l.o-inch holes. Used for washing the ore 
before picking. From (6); delivers oversize to (S) and undt^rsize to (12). 

8. Two picking tables^ 22 feet in diameter on the inside and 30 h-et on the 
outside, having pi-riphera! sptunls of 40 fet4. per minute. From (7); deliver 
waste rock, via chutes, to (IS) an<l ore, via chutes, tcj (9)* 

9. Two style '*D/* No. S^ McColly lireakers breaking to 5 inches. From 
(H); deliver crushed ore perindically, via hoppers and ilischargr chutes, to (11), 

10. Hopper and chute r)f 40 tons capacity. From (4); delivers, via feed 
roller, to (11). 

11. Grizzly with 1-inch spaces between the bars. From (9) and (10); de- 
livers oversize perioLlically, via discharge chute, to (12) and undersize period- 
ieally, via discharge chute, to (12). 

12. Thirty-ineh Robins belt conveyor with a conveying length of 315 feet, 
a speed of 323 feet per nunute and an inclination of 13. o ^. From (7) and (11); 
delivers to (13). ^ 

13. Two Rowand incline screens, 2 sections long by 1 section wide, plat^sj^ 
4X4 feet, with 2-inch openings. From (12); deliver oversize to (14) and uik 

' e, via Vfdvrs. to {\{\\, 
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14. Thirty-aix inch Robins conveying ami picking belt with a convey it 
leiig:th of 36.5 feet, a speed of 40 feet per minute, and an inclination of 15.5^ 
From (13); delivers wa.stc rock to (17) and ore, via vtdve^ to (l'>). 

15. Two storage bins of 1^500 tons eapaeity each. From (14); each de- 
livers (coarse ore between 2 and 5 inches), via feed roller, 2 feet long by 2.5^ 
feet in diitmeter, to (20). 

If). Two storage bins of 1,500 tons capacity each. From (13) ; each deliveraj 
(fine ore through 2 inches), via feed rollers, 2 feet long by 2,5 feet in dianieterJ 
to (23). 

17. Rock bin of 75 tons capacity. From (14); delivers, via chutes, to (19). 

18. Rock bin of 75 tons capacity. From (8); delivers to (IS*). 

19. Standnrd gauge railroad cars and truck scales. From (17) and (18) J 
deliver, via Ding Dong shaft-pocket, for mine filling or to the waste dump. 



Fine-Crush I ng Depa rt men t . 

20. Twenty-four inch Robins belt conveyor with a conveying length of 55 
feet, a speed of 300 feet per minute, and run level. From (15) ; delivers to (21). 

21. Edison corrugated rolls, 36 X 3G inches, crushing to 2 inches and mak 
ing 135 revohitions per minute. From (20); deliver crushed ore to (22). 

22. Rowand incline screen, 3 sections long by 1 section wide, plates, 36 X 36^ 
inches with 0.(>25 X 1.5-inch openingg. From (21); delivers oversize to (25) 
and undersize to (35). 

23. Twenty-four inch Robins belt conveyor with a conveying length of 
59 feet, a speed of 300 feet per minute, and run level. From (Hi); deHvers to 

24. Rowand incline screen with details as in (22). From (23); delivera 
oversize to (25) and undersize to (35). 

25. Twenly-four inr h Robins conveying and picking belt with a convey in 
length of 57-5 feet, a speed of 350 feet per minute, and an inclination of 1U.75' 
From (22) and (21); delivers to (26). 

20. Edison corrugated rolls, 36 X 36 inches, crushing to 1 inch and making 
135 revolutions per minute. From (25); deliver crushed ore to (27). 

27. Rowand incline screen with details as in (22). From (26); delive 
oversize to (28) and undersize to (29). 

28. Edison smooth rolls, 36 X 36 inches, crushing to 0.5 inch and making 
100 revolutions per minute. From (27) and (34); deliver crushed ore to (29), 

29. Twenty-four inch Robins belt conveyor with a conveying length of 
52 feet, a speed of 325 feet per minute, and an inclination of 5°, From (27), 
(28), and (35) ; delivers to (30). 

30. Twenty-four inch Robins belt conveyor with a conveying length of^ 
22 feet, a speed of 375 feet per minute^ and an inclination of 25*^. From (29); 
delivej^ to (31). 

31. Twenty -four inch Robins belt conveyor with a conveying length of 
100 feet, a speed of 350 feet per minute, and an inclination of 25°. From (30); 
delivers to (32). 

32. Twenty-four inch Robins belt conveyor with a conveying length of 
109 feet, a speed of 350 feet per miimte, imd an inclination of 23°. From (30); 
delivers to (33). 

33. Rowand incline screen with plates, 30 X 36 inches, and other dei 
as in (22). From (32); delivers oversize to (34) and undersize, via chute and 
valve, to (36). 

34. Twenty-four inch Robins belt conveyor with a conveying length of 
74 feet^ a speed of 50 feet per minutei and run level. An electro-maguel ia 
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situated over this belt for removing stecL From (33); delivers ore to (28) 
and steel to scrap heap. 

35. Eighteen-inch llobin>i belt conveyor with a conveying length of 55.5 
feet, a speed of 300 feet per minute, and run level. From (22) and (24) ; delivers, 
via chute, to (29). 

36. Two Rowand, 6-foot, brick tower driers. One has 9 sections and 
the other S, each 2.5 feet high. From (33); deliver dry ore, yisl segmental 
discharge gate, to (37). 

37. Thirty-inch Robins belt conveyor with a cunveying length of 29 feet^ 
a speed of 350 feet per minute, and an inclination of 16°. From (36) and (47); 
delivers to (38). 

. 38. Thirty-inch Robins belt conveyor with a conveying length of 127 feet, 
tn speed of 350 feet per minute, and an inclination of 25°* From (37); delivers 
no (39). 

^ 31>. Thirty-inrh Robins belt conveyor with a conveying length of 98 feet 
and other details as in (3S). From (38); delivei*s to (40). 

40. Three Robins conveyor belts, .4, B, and C. .1 has a width of 30 inches, 
a conveying length of 16 feet, a speed of 350 foet per minute, and an inclination 
of 20°. B has a width of 21 inches, a conveying length of 21 feet, and otlier 
details like ^4. C has a width of 18 inches, a conveying length of 17 feet, and 
other details like A, -4, /i, and C receive from (39) and deliver, via trippers, 
to (41). 

41. Hopper of 40 tons capacity. From (40); delivers to (42). 

42. Two Rowand incline screens, each 10 sections lung by 10 sections wide, 
plates 12 X 26 inches with 0.109 X 0.5-inch openings. From (41); deliver 

I oversize to (43) and undersize to (48). 

L 43. Two 18-inch Robins belt conveyors w^ith conveying lengths of 38 feet, 
Breeds of 300 feet per minute, and run level. From (42); deliver to (44). 
'^ 44. Hopper of 40 tons capacity. From (43) ; delivers, via 2 roller feeders, 
to (45). 

45. Two Bacon finishing rolls, 30 X 30 inches, crushing to 0.0621 ineh and 
making 100 revolutions p*_'r minute. From (44); deliver erushed ore la (40). 

46. Twenty-four inch Rubins belt conveyor with a conveying length of 
27 feet, a speed of 300 feet per minute, and ruti level. From (45) ; delivers to 

47. Twenty-four inch Robins belt conveyor with a conveying length of 
41 feet, a speed of 325 feet per minute, and an inclination of 7*^, From (46); 
delivers cold ore onto the tail of the hot-ore conveyor belt (37). 

48. Two 18-ineh Robins belt conveyors with conveying lengths of 55 feet, 
gpeed.s of 250 feet per minute, and run level. From (42) ; deliver to (49)* 

49. Two 244nch elevators with IS-inch buckets. One elevates the ore 48 
feet and the other 56 feet. From (4s); deliver to (50). 

50. Twenty-four inch conveying ami weighing belt with a conveying length 
of 63 feet, a speed of 3(X) feet per minute, and run level. From (49); delivers, 
via hopper, valve, and chutes, to (51) or (.52). 

51. Nine crude-ore shipping bins having a total capacity of 600 tons. From 
(50) ; deliver, via standard gauge railroad cars and traek scales, to market. 

52. Twenty-four inch Robins belt conveyor with a conveying length of 
70 feet, a speed of 300 feet per minute, and an inclination of 8°, From (50); 
deUvers, via chute and valve, to (53). 

53. Two 24-inch elevators, with 18-inch buckets each elevating the ore 30 
feet. From (52); deliver to (54). 

54. Two Roger hoe conveyors for distributing, 3 feet wide by 40 feet long. 
From (53); deliver to (5o). 
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'hK Two hoppers of 10 tons capacity each. From (54); deliver to (56)» 
5(i. Four RowHiid incline screens, each 10 sections long by 12 sections wide, 
plates 12 X 2ij inches with 0.01 X 0.5-inch opening. From (oo); deliver over- 
size, via chutes, to (57) anil under»ize to (3S). 

57* Eighteen steel stonif^e-tanks with a total capacity of 10,000 tons in two 
series, A and J?, of nine tanks each. From (50) ; tanks 4, 3, 6, 7, 8, and 0, A 
and fi, deliver via c^e>;inental feed gat<:^s^ to (60) and tanks 1, 2^ and 3, A and B, 
via tegmenta! feed gates, to ((52). M 

58. Two 1 l-ioch Rollins belt conveyors with conveying lengths of 120 feet," 
speeds of 200 feet per minute, and run level. From (5t>) ; deliver, via chutes, 
to (50)* 

59. Eight fines shipping-bins with a total capacity of 500 tons. From (5S); 
deliver, via standard gauge railroad cars and track scales, to market. 
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storage and Sizing Department. 

(>0. Four 18-inch Robins belt conveyors with conveying lengths of 39 feet, 
speeds of 250 feet per nunute, and run level. From (57); deliver to (61) 

GL Four IS-inrh Robins belt conveyors with conveying lengths of 1B.5 
feet, speeds of 300 feel per minute, and inclinations of 1 1"^. From (60); deliver 
to (62). 

62. Two 18-ineh Robins belt conveyors with conveying lengths of 45 
feet, speeds of 300 feet per minute, and incHnatifins of 7*^. From (57) and (61) 
deliver, via hopprrs, chutes, and valves, to (t(3) or (04), 

63. One IS-iufh Robins conveyitig and weighing Ix'lt with a conveying 
lengtli of 35 feet, a speed of 300 fi*et per niirmte, and an inclination of 7"^. From 
(62); delivers to proposed separater house B, 

64. One 18-inrh Robins conveying and weighing belt with details ils in." 
(63). From (02); delivers to (65) in separattir house A. 

Separator House A, 

65. Sixteen-inch elevator %vitli 14-inch buckets elevating the ore 82.5 feet. 
From (64); delivers to {60). 

66. Automatic sanipler, riffle type with 12 divisions. From (65); deliver 
sample to bucking room and reject to (67). 

67. Ruwaiid inchrie screen, 9 sections long by 4 sections wide, platesi 12 X 1! 
inches with 0. liS7 X 0.5-incli oj>*'nings. P'rom (60); delivers oversize, due t^ 
leaks in screens, etc., in fine-i lushing and storage department, to (OS); an< 
untlersize, via elmtes, to (72). 

68. Storage bin of 75 tons capacity. From (67), (71), (118), and (119) 
delivers to (69). 

69. Two re-grinding rolls, 10 X 18 inches, making 175 revolutions per minute. 
From (OS); deliver crushed ore to (70). 

70. Two lO'inch elevators with 8-inch buckets, each elevatitig the ore 4' 
feet. From (6*t) ; delivi^r to (71). 

71. Two Ho wand incline srrecns, each 8 .seeiions long by 2 sections wiile 
phites 12 X 18 iuihes with 0.032 X 0.5-incli openings. From (70); deUver 
oversize to (tiS) ami undersixe to (77)* 

72. Two Rowand type *'E*'-*'F*' magnetic separators, each having or 
magnet with 100,000 auipere turns in which a r25-vylt current is used. Fro 
(67); deliver magnetic pn^duct to (73) and non-magnetir protluet to (77) 

73. Ten -in eh elevator with S-inch buckets elevating the ore 34 feet. Fro! 
(72); delivers to (74). 

74. Fourteen-inch Robins conveying and weighing bell with a conveyi 
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len^h of 63 feet, a speed of 250 feet per minut**, and run level. From (73) ; 
delivers to (75). 

75. Automatic sampler, riffle type with 8 divieions. From (74); delivers 
Bample to bucking room and reject to (76). 

7ih Shipping bins 1, 2, and 3 for highly magnetic franklinite products with 
a total capacity of 200 tons. From (75) ; deliver, via standard gauge railroad 
cars and track scales, to market. 

77. Sixteen-inch elevator with 14-inch buckets elevating the ore 54 feet. 
From (71) and (72) ; delivers to (7S), 

78. Rowaud incline screen, 10 sections long by 6 sections wide, plates 
12 X 18 inches with 0.015 X 0.5-inch openings. From (77); delivers oversize 
to (79) and undersize, via ehut<'s, to (SI), 

79. Sixteen-inch elevator with 1 1-ineh buckets elevating the ore 50 feet. 
From (7S); delivers to (SO). 

80. Edison tower screen, 6 sections long by 12 sections wide, plates 18 X 2t 
inches with 0.015 X 0.5-jnch openings. From (79); delivers oversize to (82) and 
undersize^ via chul(\ to (SI). 

81. Storage bins 1, 2, 3, and 4 with a total capacity of 50 tons. From (78) 
and (SO); deliver ore through 0.015 and on 0.010 inch to (101). 

82. Fourtecn-inch elevator with 12-inch buckets elevating the ore 50 feet. 
From (80); delivers to (S3). 

83. Edison tower screen with 0.020 X 0.5-inch openings and otlier details 
as in (80), From (82); delivers oversize to (S5) and undersize, via chutes, 
to (84). 

84. Storage bins 5, 6, 7^ and 8 with a total capacity of 50 tons. From (83); 
deliver ore through 0,020 and on 0.015 inch to (102). 

85. Fourteen-inch elevator with 12-inch buckets elevating the ore 45 feet. 
From (83); delivers to (86). 

86. F>lison tower screen with 0.025 X 0,5-inch openin|i!;s ami other d(*iails 
as in (80). From {>>iy); delivrrs oversize to (8s) and undersize, via chutes, 
to (87). 

87. Storage bins 9, 10, 11, and 12 with a total capacity of 50 tons. From 
(SO); deliver ore throU|j;li 0.025 and on 0.020 inch to (103). 

88. FiHirteen-inch elevator with deiaiis as in (S5). From (SO); d(4ivers 
to (89), 

89. Rowand incline screen, 12 sections long by 6 sections wide, plates 
12 X 18 inches with 0.032 X 0.5-incli openings. From (88); delivers oversize 
to (90) and umlersiiie, via chutes, to (91). 

90. Storage bins 13, 11, 15, and 10 with a total capacity of 50 tons. From 
(S9); deliver ore througli 0.032 and on 0.025 inch to {101). 

91. Twelve-incli elevator with HMiirh buckets elevating the ore 45 feet. 
From (89); d<4ivers to (02). 

92. Edison tower screen with 0.042 X 0.5-inch openings and other details 
as in (80). From (91); delivers oversize to (94) and undersize, via chutes, to 
(93). 

93. Storage bins 17, 18, 19, and 20 with a total capacity of 50 tons. From 
(92); deliver ore through 0.042 and on 0.032 inch to (lO.V). 

94. Twelve-inch elevator with details as in (91). From (92^; delivers to 

05. Edison tower screen with 0.05S X 0.5-inch openings and other details 
as in (SO), From (94); delivers oversize to (97) and underside, via chutes, to 
(96), 

96. Storage bins 21, 22, 23, and 21 with a total capai^ity of 50 tons. From 
(95); deliver ore through 0.058 and on 0.042 inch to (100). 
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97. Twelve-iiK'h elevator with details as in (01), From (95); delivers to 

98. Rowand inrline screen, 10 sortions long by 1 sections wide, plates 
12 X 1'*^ inclit"8 witli 0,07s x 0.5-ineli oponinge. Froni (97); deJivei-s oversize, 
via chutes, to (100) and undci^size, viii chutes, to (99). 

99. 8torag(* liins 25, 2(), 27, iuid 2S with a total capacity of 50 tons. From 
(9S); dcUvrr on' tluough 0.()7S ami on 0.058 inch to (107). 

100. Htoragc bins 29, 30, 31, and 32 witli a total capacity of 50 tons. From 
(9S); deliver ore through O.IOO and on 0.07S inch to (ION), 



MagmUc Svparahr Floor, 
Separtitor House A. 

101. Foxir 0-poIe Rowand-WclheriH type ''K'\ 18-inch belt, magnetic 
separators. Pole.s 1 and 2 have 20JMK), 3 and 4 have 40,0)0, and 5 and 6 have 
60,0<10 ampere turns. A 125- volt din-rt current is u.sed. From (81); deliver 
the more nui|!;netie product to (109), slightly magnetic protluct to (IKV), and 
non-magnetie product to (125), 

102. Four magnetic separators with details as in (101). From (84); de- 
liver the more imigiutic product to (109), >Hghtly magnetic product to (116), 
and non-magnetic product to (125), 

If)3. Four magnetic .si-piirator.s with details as in (101). From (S7) ; deliver 
the more nuignetir i>roduct to (109), slightly magnetic pro<luct to (116), and 
non-magnetic pioduct to (125). 

104. Four magnetic separators with details as in (101). From (90); deliver 
the more magnetic product to (109), slightly magnetic product to (110), an^l 
non*magnctic product to (125). 

105, Four magnetic si'[)arators with details as in (101). From (93); deliver 
the more magnetic protiuct to (109), slightly magnetic prothict to (116), and 
non-magnetic [>roduct to (125). 

100. I^'our magnetic separators with details as in (101), From (9ti) ; deliver 
the more magnetic product to (109), slightly niagn^nic pro(iuct to (116), and 
non-magnetic product to (125). 

107. I'our magnetic sc^parators with details as in (101), except that the 
first two poles have 30,0{M), the s(*cond two poles iiO,0(KJ, ami th** third two 
poles 100,000 ampere turns. From (99) ; d( liver the imuc magnetic product 
to (109), slightly magnetic product to (116), and non-magnetie product to 
(125). 

108. Four magnetic separators with details as in (107). From (100) ; deliver 
the more magnetic proiluet to (109), slightly magnetic product to (116), and 
non-magnetic product to (125). 

109. Two 14-inch Hf>bins belt conveyors with conveying lengths of 123 
feet, specTls of 200 U'vt per minute, and run level From (101), (102), (103), 
(104), (105), (106), (ltJ7), and (n)S); dr^iver to (110), 

110. Two 12-incIi elevattus with 10-im4i buckets, each elevating the ore 
44 feet. From (109); deliver to (111). 

111. Fourteen-inch Robins conveying and weighing l»eU with a conveying 
length of 80 feet, a speed of 300 feet per minute, and run level. P>om (110); 
delivers to (112).^ 

112. Automatic sampler, riffle t>T)e with 8 divisions. From (111); delivers 
sample to bucking room, am! ngect, via chutes, to (113) and (115). 

113. Fourteen-inch Rolrins belt conveyor for distriliuling to 8 points. Has 
a conveying length of 135 feet and a speed of 300 feet per minute. From (112); 
delivers, via trippers, to (111). 
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114. Shipping bins, 4 to 19 inclusive, for lowly magnetic franklinitc products; 
total capacity 1,200 tons. From (113); deliver, via standard gauge railroad 
cars and track scales, to market. 

115. Shipping bins 1, 2, and 3, for lowly magnetic franklinite products; 
total capacity 200 tons. From (112); deliver, via standard gauge railroad 
cars and track scales, to market. 

116. Two 14-inch Robins belt conveyors with conveying lengths of 123 
feet, speeds of 150 feet per minute, and run level. From (101), (102), (103), 
(104), (105), (106), (107), and (108); deliver to (117). 

117. Two 10-inch elevators with 8-inch buckets, each elevating the ore 41 
feet. From (116); deliver to (118). 

1 18. Two Rowand incline screens, A and J5, each 8 sections long by 2 sections 
wide; plates 12 X IS inches, with 0.032 X 0.5-inch openings. From (117); A 
delivei*s oversize to (109) and undersize to (121); B delivers oversize to (68) 
and undei-size to (120). 

119. Fourteen-inch Robins belt conveyor with a conveying length of 32 
feet, a speed of 150 feet per minute, and run level. From (118); delivers to 

120. Fourteen-inch Robins belt conveyor with a conveying length of 24 
feet, a speed of 150 feet per minute, and run level. From (118); delivers to 

121. T(m-inch elevator with 8-inch buckets elevating the ore 34 feet. From 
(118) and (120); delivei*s to (122). 

122. Fourteen-inch Robins conveying and weighing belt with a conveying 
length of 63 feet, a speed of 250 f(»et per minute, and run level. From (121) ; 
delivers to (123). 

123. Automatic sampler, riffle type with 8 divisions. From (122) ; delivers 
sample to bucking room and reject to (124). 

124. Shipping bins 1, 2, and 3 (for half and half products containing the 
slightly magnetic silicate of manganese minerals), with a total capacity of 200 
tons. From (123); deliver, via standard gauge railroad cars and track scales, 
to market. 

125. Thirty-two non-magnetic product bins with a total capacity of 40 
tons. From (101), (102), (103), (104), (105), (106), (107), and (108). Nos. 
1 to 12 inclusive deliver to (126), Nos. 13 to 20 inclusive to (132), and Nos. 
21 to 32 inclusive to (135). 

Jig and Table Floor. 
Separator House A. 

126. Twelve No. 5 Wilfley tables without RafT wheels. From (125) ; deliver 
concentrates to A in (127), middlings to (128), and tailings to A in (129). Con- 
centrates and tailings are delivered, via six 2-compartment shaking launders 
which are 0.5 foot wide by 40 feet long and have slopes of 5.95°. 

127. Two shaking launders, Nos. 1 and 2, divided into compartments A, 
B, and C. Each launder is 1.5 feet wide by 135 feet long. From (126), (131), 
(132), and (135). No. 1 delivers to (138) and No. 2 delivers to (139). 

128. Six Frenier sand pumps, 6 X 44 inches. From (126), (130), and (131) ; 
deliver to (130). 

129. Two shaking launders, Nos. 3 and 4, divided into compartments A^ B, 
and C. Each launder is 1.5 feet wide by 124 feet long. From (126), (131), 
(132), and (135); deliver to (143). 

130. Six dewatering cones. From (128); deliver pulp to (131) and water 
to (128). 
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13L Six No. 5 Wilfloy tables without Riiff whrek From (130); deliver 
conrt'iitrates to .1 in (127), middlings to {12S), and tuilings to ^4 in (129). Ck>n- 
cent rates and tailings are delivered^ via six 2'Compartnient shaking laundeis 
which are 0.5 foot wide by 40 feet long and have .slopes of 5.95*^. 

132. Eight t)-eonipartment cast-iron New Century difTerential-motion jigs 
with scn*en8, 21 X 'M\ inehes, l-Voni t>ins 13 to 20 inelu,sivr in (12o) and from 
(134) via S feed hoppers; deliver the first four hutrh i>rodurts, via eight 4-com* 
partment laundti's, 1 foot wiih- liy 43.75 feet long with slo[>es of 4.70°^ to B 
in (127); last two huteh produetn, via eight 4-ronrpartnient laundern, with 
details like those above^ to (133); anfl tailiiigw, via tailings hoppers and eight 
4-coinpartnient launders with tletails like those above, to .4 and B in (129), 

133. Kight Freiiior sand pumps, X 44 inches. From (132) and (134); 
deliver to (134), 

134. l^iglit tiewatering cones. From (133); deliver pulp, via feed hoppers, 
to (132) anil water to (133). 

135. Twelve (j-er)nipartm*'nt cast-iron New Ontury different ial-motion jigs 
with screens as in (132). From bins 21 to 32 inclusive in (125) antl from (137) 
via 12 feed hoj)|UM's. Deliver the first foiu' hutch products^ via twelve 4-eom- 
partmrut launders, 1 funt wiile by 43.75 feet lorig with slupes of 4.76°, to C in 
(127); last two huteh products, via twelve 4-compartment launders with de- 
tails like tho.^e alxjve, to (136); antl tiuHngs, via tailings hoppers and twelve 
launders with details like those above, to B and (' in (129). 

130, Twi4ve Frenier sand pumps, 6 X 44 inches. From (135) and (137); 
deliver to (137). 

137. Twelve dewatering cones. From (13rj); deliver pulp, via feed hoppers, 
to (135) and watcT tf» (136). 

13S. Launder, 04>7 fo(»t wiile bv 21 feet long with a slojie of 5,35^. From 
.4, B, and C of Xo. 1 in (127); delivers to (140). 

130. Launder, 16 fec«t long with other details as in (138). From .4, B, and 
C of No. 2 in (127); delivers to (140). 

110. Foui* Fri*nier sand punijis, 10 X 54 inches, making 30 revulutions per 
. minute and lifting against a head of 21.5 feet. From (138) and (139); deliver 
to (141). 

141, Four flewaterers. From (14f)); deliver wilteiuite product to (142) and 
water to a water-supply tank, 

112. Wet willeoiite storage bin B with a capar-iiy of 25 tons. Sixe of 
product is through 0.100 and on 0.010 iiirh. From (111); delivers to (155) 
and (156). 

143. Two 3-compartmeni launders, 0.67 foot wide by 17.5 feet long, with 
slopes of 4.02^. From .4, B, and C in both Nos, 3 and 4 of (120); deliver 
to (144), 

144. Six Frenier sand pumps, 10 X 54 inches, making 30 revolutions per 
minute and lifting against a head of 23 feet. From (143); deliver to (145). 

115. Six dewaterers. From (144); deliver water to water^upply tanks and 
the following products to (146) : 

A fine tailings si'/e through 0.042 and on 0.010 inch 
5 middlings " '' 0.100 '^ ''0.025 '* 
C coarse tailings^* '* 0.109 '' '' 0.042 '* 

146, Six automatic samplers. From (145); deliver samples to bucking 
room and rejects of fine tailings [A) to (147) ; rejects of middlings {B), via valve, 
either to (147), (151), or (169); and rejects of coarse tailings (C) to (151). 

147. Fourteen-inch Robins belt conveyor with a conveying length of 76 feet, 
a speed of 250 feet per minute, ai> ' ' vel. From (146); delivers to (148). 
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148. Twelve-inch elevator with 10-infh buckets elevaiifig the ore 45 feet. 
From (147); delivrrs to (M!». 

149. Fourtf^en-ineh Robins coiiveyiiig and weigliing belt, wuth a conveying 
length of 45 feet, a speed of 250 feet per minute, and run level From (148) ; 
dcHvei-s to (150). 

150. Fine-tailings shipping bins with a total eapacity of 100 tons. From 
(149); deliver, via standard gauge railroad cars and track scales, to market 
or storage, 

151. Fourteon-inc'h Robins belt conveyor with details as in (117). From 
(146); delivers to (152). 

152. Twelve-inch elevator with 10-ineh buckets elevating the ore 45 feet. 
From (151); delivers to (153), 

153. Fourteen-iorh Robinjs conveying and weigliing belt with a conveying 
length of 45 feet, a speed of 25U feet per minute, and run level. From (152); 
delivers to (154). 

154. Coarse-tailings f^hipping bins w^ith details as in (150). From (153); 
deliver, via standard gauge raihoad cars anrl trat'k scales, to market or storage. 

155. Twelve-inch elevator with 10-inch buckets elevating the ore 52 feet. 
From (142); delivers to (15S). 

156. Fourtt^en-inch Robins belt Cf»nveyor with a convey nig length of 42 
feet, a speed of 250 feet p.i'r niimite, and run level Fiorn (142); delivers to 

157* Tw^elve-inch elevator with lO-inch buckets elevating the fire 44 feet. 
From (150); delivers to (15S). 

15S, Two Rowand 3.5-foot brick tower driers w*ith 10 sections, each 2.5 
feet high. From (155) and (157); deliver, via segmental dischtnge gates, to 
(159). ' 

159. Two sprocket-chain elevators with 12-inch buckets each elevating the 
ore 52 feet. From (15S); deliver to (160). 

160. P'ourtet'n-incii Robins belt conveyor with a conveying length of 38.5 
feet, a speed of 250 feet per minute, and an inclination of 15°. From (159); 
dcdivers to (161). 

161. Fourteen-inch Robins conveying and weighing belt with a conveying 
length of 75 feet, a speed of 250 feet per minute, and run level. From (160); 
delivers to (162). 

162. Automatic sampler, riffle type with 8 divisions. From (161); flelivers 
sample to bucking room and njiri to (1(k?) anil, via chute, to (161). 

163. Fourteen-iorh Robins belt conveyor for distributing to four points, 
with a conveying lengtli of B.s feet and a speed of 250 feet per minute. From 
(162); delivers, via tripper, to (164). 

164. Five willemite-product steel shipping-tanks with a trital capacity of 
2,000 tons. From (162) and (163); deliver, via segmental feed gates, to (165). 

165. Eight eeu-inch Robins belt conveyor with a eonveying length of 83 
feet, a speed of 300 feet per minute, and run level. From (164); delivers to 
(166). 

166. Eigh teen-inch elevator with 16-inch buckets elevating the ore 54 feet» 
From (165): delivers to (167). 

167. Automatic sampler, riffle type with 8 divisions. From (166); delivers 
sample to bucking room and reject to (168). 

168. Hopper of 25 tons capacity, From (167); delivers, via chute, stan- 
dard gauge railroad cars, and track scales, to market. 
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Proposed Re-treattfient House for WiUemite and Caldte Middlings 
erected and possibly may never be necessary.) 

169. Conveying; and weighing belt. From (146); Hr*livors to (170). 

170. Storage bin of 50 tons capacity. From (169); delivers, via automatic 
feeders, to (171). 

171. Bucket elevator. From (170); delivers, together with water, to (172). 
Screen. From (171); delivei-s oversize to (173) and under.^ize to (176), 
Rolls. From (172) and (175); deliver erui^hed ore to (174). 
Bucket elevator. From (173); ilelivers to (175). 
Screen. From (174) ; dehvers ovei'nize to (173) and undersize to (176). 
Bucket elevator. From (172) and (175); delivers to (177). 
Scrcens. From (176) ; deliver ovei-size to (17S) and undersize to (179). 
Screen. From (177); delivers oversize and undersize to (179). 
Six WilHey tables. From (177) and (17S); deliver concentrates to 

(181), niiddlin^.s to (ISO), and tailings to (ISIJ). 

180. Three Wilfley tables. From (179); deliver concentrates to (181) and 
taihn^^s to (189). 

181. Sand pumps. From (179) and (180): deliver to (182). 

182. Devvaterer. From (181); delivers concentrates to (183). 

183. Bucket elevator. From (182); delivers to (184). 

184. Drier, From (18^3); delivers to (185). 

185. Bucket elevator. From (184); delivers to (186). 

186. Conveyinj^ and weighing: belt. From (liS5); delivers to (187) 

187. Automatic sampler. From (ISO) ; dtdivers sample to bucking room and 
reject to (188). _ 

188. Willemite-product shipping bins. From (1S7) ; deliver, via railroad 
and track scales^ to market. 

1S9. Sand pumps. From (179) and (ISO); deliver to (190). 

190. Dewaterei^. From (189); deliver taihn^s to (191), 

191. Bucket elevator. From (190); delivers to (192). 

192. Conveying and weighing; belt. From (191); delivers to (193). 

193. Automatic sampler, From (192); delivem sample to bucking room' 
and reject to (194). 

194. Tailings-product shipping bins. From (103); deliver^ via standard 
gau^e railroad cars and track scales, to market or storage. 

The maximum amperes used on the different sized magnets are as follows: 



\ 





Amperes. 


20.000 
30.000 
40,000 
W},000 

imxm 


3 
6 
8 
U 
30 



O, Mills Saving Iron and Manganese Values. 

Mill 153 serves as an example of this class. 

J 148-5. Mill No. 153. Magnetic SEPAR.vrrNO Plant of the Krtjpp 
Mining Admixl-^tration at Kirchen on the Sieg, Germany. — Spathic iron 
ore from the Fried. Wilhelm mine, running 31.9% iron and 6.8% manganese,] 
19 delivered to the mill which handles 20 tons per 10 hours.** The economic! 
minerals are siderite and rhodochrosite. 
The ore is roasted and fient to (1). 

1. Storage bin. From roaster; delivers to (2). 

2. Breaker, 0.25 X 0.4 meter. From (1); delivers crushed ore to (3). 
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3. Buekc*t elevator, 15.2 niPterrf lon^ witli burkcts 300 millmielers wi<le. 
From (2) iiiid (5); delivers to (1), 

4. Conical trommel with two screeiiiu^ sections havln^^ holes 7 and 15 njilli- 
meters in diameter, Th<^ trommel m 2.(iG metern long liy 0.77 and L145 metei^* 
in diameter. From (3); delivers oversize on 15 millimeters to (5), material 
between 7 and 15 millimeters to (6)^ and materiiil through 7 millimeters to (6), 

5. Rolls, 0.275 X 0.55 meten From (4) and (S); deliver crushed ore to (3)* 

6. Two storage bins. From (1); deliver, via percussion feeilers, to (7). 

7. Forsgren magnetic separator. From (6); delivers stioniily magnetic 
product, as concentrates, to (9); less magnetic product, a.s middlings, to (8); 
and non'magntiie product, as tailings, to dump. 

S, Hoist with a lifting eapaeity of 1 metric ton. From {7J ; delivers to (5). 
9. Shipping bin. Fronx (7) ; delivers to market. 

The concentrates contain 44,5% iron ami 115^ J, manganese, and represent 
an extraction of 74,1% of the total iron and 73. 9%^ of the total manganese. 

Power, 

A 38 horse-power portable steam engine furnishcB power for the plants 
including the I'unning of an 11 -kilowatt direct-current dynamo wiiieh supplies 
current, at 110 volts, for the magnetic separator. 

P. Mills Saving Only Iron Values. 

Mills 154, 155, 156, 157, and 15S are given to illustrate this class ia four 
districts, 

5 14S6. Mill No. 154. Oliver Iron Mining Compan^^b Plant, Washing 
Mes^abi Iron Ore.s in the CANrsTEo Dlsthkt^ Cot.EHAiNE, Minnesota,'** — 
Tiie washing plant in use at present is an experimental one having a capacity 
of 1/MJO tons |}er shift and located on the shore of Trout Lake;*' The ores from 
the Western Mesalri mines are sandy antl hence n^cpiire washing, <itherwise 
they are of Hessemer grade, both at Canisteo and Holman, and excellent for 
furnace purposes,"" The present plant is S7 feet long and 73.25 feet high. 
The problem is to ,savc the iron. 

The ore is brought in ears, on a level track, from the ,skip and dumped into (1), 

1. Crude-ore bin, 15 X 2S feet, hoppered two ways to an opening 2,5 feet 
high by 2S feet long. It is dischargetl by stushing with water on an apron in 
front of the bio. This apron has a slope of 25^, From mine skip and (8); 
delivers, via gate and apron^ to (2). 

2, Single shell conical screen, 2.5 X 6 X 14 feet long, having a horizontal axis 
and 2-inch round perforations. Provided with bearings so that it rotates on 
four rollers. From (l); delivers oversize to (3) ant! undersize to (5), 

3, One 2S-ineh picking belt, 2S.67 feet long, of S-ply rubber, having a speed 
of 35 feet per minute. From (2) and (5); delivers hand-picked taeonite and 
wai?te rock to dump and washing ore to (4). 

4, Ore bin having a capacity of 100 tons, hoppered three ways to a 2-foot 
square gate opening. From (3); delivers, via gate, to (S), 

5. Log washers having single rotating shafts with shoit projecting arms 
and making 13,5 revohitions per minute. The logs are built up of .steel angles 
and east-iron paildles with the exception of the first row of paddles which are 
of cast steel. Tlie steel pac!dles receive the greatest wear and have to be re- 
newed once for every 30,000 tons of ore put through the wa^sher. The largest 
particle in the overflows will just refuse to go through a 20-mesh screen. From 
(2); deliver coarse material to (3) and overflows of fine material to (6), 

6. Double inclined cylindrical screen, 4 and 5 feet by 12 feet lou^^ Ts^afexvy^ 
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13,5 rt'volutions per minute and having a slope of 1 inch to the foot. The 
inner screen has oblong linles, 0,37o X 0.625 inch, puncher] in 0/25-inch steel 
phite. The outer screen has 0.1875-inch round hrUes punched in 0,r25'inch 
steel plate. From (5) ; delivers material finer than t).ti5 inch to the bla^t furnace, 
material between 0.25 inch and 0.375 inch to (7), and material larger than 0.375 
inch to the dump. 

7. Turbo, which is an improved form of log wa.shcn' and is used as a con- 
centrator. (See 5 1078/) Water is admittc<l ihrou^di openings in the bottom 
and the a^^ccnding water carries off the fine sand. From (f3) ; delivei>; settled 
material to the l>last furnace and overflow to waste. 

8. Fifty-ton skip elevating the ore 73:25 feet. From (4); delivers to (I). 
The cruile ore averages to run alKnit 41% in iron. The concentrates run 

from 50 to 5<S% in iron and tailings, representing from 24 to 30% of the ore 
mined ^ average about 26 % in iron. The tailings are finally dumped into Trout 
Lake. 

Labor cmd Wages. 

The mill operates 1 shift per day for 6 days a week. Common labor j.s paid 
per day and skilled labor from $2.25 to 83 per day. In September, 190S. 
lere were employed 15 common laborers, 3 firemen, 3 sample men, 1 watch- 
manj 1 engineer, 2 foremen, 1 superintendent, and 1 consul ling engineer. 

Power and Water, 

Power is furnished to the plant by tivo 18-foot horizontal-firebox boilers 
for operating the plant proper. Another boiler of the same type is used for 
hoisting ami heating purposes and still another for pumping. Approximately 
35 horse-power ami 500 gallons of w^ater per minute are required to operate the 
mill, (hstributed about as follows: 





Hon^'powcr. 


Gallons of Water 
per Minute, 


Conical jcrw^n {2> ...» 


t 
2 
28 
1 
3 


75 


PickioK bell ti\ i 




50 
75 
150 
150 


Double screen ttl) ....«.•.,«•*«,....... 

Tu^^«. m -...-..*.,♦.* *..*..- 

Slushing in { 1) ... r ................... . 






] Tot»l* 


35 


300 





The pumping plant eonsists of one 25,000-gaIlon water tank, and one Pres- 
cott sinking pump of 500 gallons per minute capacity. 

The proposed permanent plant, instead of being located on a hillside^ as 
the present plant, will be built of steel and eonerete on level ground and will 
have a daily capacity of 10,000 tons. 

g 14S7, Mill No. 155. The Longdale Iron Company's Mill. I>ongdale, 
Virginia. — The capacity of this mill is about 200 tons per 10 hours (4S0 
tons per 24 hours). ^*^' The ore consists of the economic mineral limonite, of 
concretionary structure^ in a gangue of clay and shale with sandstone and 
pebbles. The problem is to save the limonite. The ore is hauled from the adit 
level of the mine in <*ars huliling about 1 ton each and is dumpetl upon (1). 

i. Flat grixzly with 2-inch spaces between the bars. The ore is hand-picked 
on the grizzly and the clean himps broken out by a s]>alling hammer, while 
the residue is broken to pass through. From the cars; delivers oversize to (2) 
and undersize to (3). 

2. Bin for clean lumps. From (1) ; delivers to blast furnace via cars. 
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3* Bin for milling ore having a capacity of 50 tons. From (1); hauled 
from 3 to o miles in cars of 5.5 tons caparity each and drlivprr^d to (4), 

4. Two bins having a combined capacity of 1)5 tons. From (3) ; tlrliver, 
via chute, to (5). 

5. Four log washers in pairs. From (4) and (8) ; deJiver concentrates to 
(6) and tailings to (S). 

6. Four trommels with 0. lS7-incli round holes. From (5); deliver over- 
size to blai^t hirnace and undersize to (7). 

7. Four stationary inclined screens with 14 meshes to the inch. From (6); 
deliver oversize to blast furnace and undci-size to (II), 

S. Two stationar)^ inclined screens with 0. IH7-inch round holes. These 

screens are used alternately. From (5) ; deliver oversize to (5) and undersize 

U) (9). 
t 9, Johnson mechanical sand shoveler. From (7) and (S); delivers coarse 
pSfcnds, via cars, to (10) and fine silt and water to (13). 
I It). Bin. From (D) ; delivers, via feeder, to (11). 

I 11. Trommel with 4 meshes to the ineh to remove any sticks; leaves, etc., 

which may get into the pulp. From (10); delivers oversize to waste and unrler- 

size to (12). 

12. Richards' annular classifier. From (U); delivers spigots to blast fur- 
nace and overflow to waste. 

13. Settling pond. Fitjm (9) ; settlings and water are lx)th allowed to go 
to waste. 

From Januar>^ 1 to June I, HXKi, the mill handled 30,Q57.16 tons. Of this, 
18,602.04 tons of blast furnace ore were extracted by the log washers and 
1/207.10 tons were recovered by the elussiher, giving a lotal extraction of 
19,S09.44 tons or 64% of the original weight. The ore from the mijic aver- 
agetl 30% iron and the concentrates averaged 45' i iron. The tailings ran 10% 
in irtm. 

The mill runs 10 hours per day, G days per week, except the classifier, which 
runs 24 hours per day. The labor ref|uired is 7 men, (5 around the log washers 
and 1 around the classifier. 



Pou 



er. 



Power is now supplied by an electric motor run hy rlectrifity obtained from 
a generator at the furnaer which is flrivi^n by surplus steam from ffie boilers. 
The above supplants the old power plant which fumislied 25 hoise-[tower for 
the 4 k>g washers by a .steam engine, showing an average coal consumption for 
6 days of 2,750 pomids p(T 10 hours and requiring I man's time. The steam 
plant is still maiiitaineil, to be used in ca.se of aceitlent to the electrical power. 

The water flows to the mill by gravity. The amount of water flowing away 
from the .satid shoveler is 700 gidlons per minute; from the classifier spigot, 
14.0 gallons; and from the rhissilier overflow, NO. I gallons. This nuikes a 
total of 705 gallons per minute in addition to that requireti fur the boilers and 
that contained in the concentrates. 

J llss. MrLL No. 150. Cranberry Mill, Cranberry, North Carolina. 
— This mill has a capacity of abtmt 350 tons of crutie ore in 10 hours.*' The 
eronoroie mineral is magnetite in a gangue composed principally of hornblende^ 
having some epidote and a little quartz and ftdilspar. Tin* problem is to save 
the magnetite. Clf*an coarse rock is supposed to b(^ loadeil Ity itself in the mine 
and sent to the dump. All other material, including coarsr* and fines alike, is 
loaded indiscriminately and sent to (1). 

1. Gates breaker, No. 8. with drive pulley making 350 revolutions per 
minute. A Gates breaker was selected for this position , where it is necessary 
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tu luindle raixrcl fine and coarse stuffy because it has little of the tendency 
rhoke which reciprocating hreakei*s show unrlor like treatment. The breaker 
is kept set up so that as little as possible of ore larger than 3.5-ineh cubes is 
made. The priiieipal u.se of the lower section of troniinci (2) is to keep check 
on the breaker in this respect. From mine cars; delivers crushed ore to (2). 

2. Cylindrical trommel, 2.G7 X 14 feet, with 2 sections, the upper having 
1,75-inch round holes punched in steel and the lower section having 3.5-incii 
round holt\s punched in steeL Makes IH revolutions per minute and ha^ a 
elope of 1,5 inches to the foot. From (1); delivers oversize to (4), undersize 
from the first section to (5), and from the second section to (3). 

3. Two cobbing magnets. From (2) ; delivtT magnetic concentrates to 
coarse-ore pocket and non-magnetic and lean tailings tu (4). 

4. ( Jates breaker. No, \^^ hreuking through a L75-ineh round hole and the 
drive pulhy making 425 revolutions per minute. From (2) and (3); delivcns 
crushed ore to (5), 

5. Two double log wnishei-s. From (2) and (4) ; <leliver clean washed ore 
to (6) and washer-tailings to the dump, The,KL' tailings carry nothing worth 
saving exr-ept a small amount of very fine magnetite. This magnetite would 
probably pass a 40 or 50 mesh and is carried (jfT in the muddy water, 

ti. Two tromraels making 11 revolutions per minute and having slope.? of 
1 Int^h to the foot. Kaeh trommel consists of 3 concentric conical screens. 
The inner screens have 1.25-inch round holes, the middle screens have 0.625- 
inch round holes, and the outer screens have oblong holes, 0,375 XO. 1S75 inch* 
From (5) ; deliver oversize on coarse screens to (7), oversize on middle screens to 
(H), oversize on outer screens to (9), and undersize of outer screens to (10). 

7. Two coarse magnets. From (tl) ; deliver magnetic concentrate^^ to cars 
and non-magnetic and lean tailings to (11), 

8. Two Cranbf^rry magnets. From (6) ; deliver magnetic concentrates to 
cars and non-magnetic ami lean tailings to (13). 

9. Wet magnet. hVom (6); delivers magnetic concentrates to cars and 
non-magnetic tailings^ via laumlcr, to dump. 

10, Wet magnet. From (0); delivei's magnetic concentrates to cars and 
non-magnetic tailings, via launder, to dump. 

11, Conveyor, From (7); delivers to {12). 

12, Coarse-tailings magnet. From (11); delivers magnetic concentrates to 
cars and non -magnetic tailings to dump, 

13, Magnet for re-treating tailings. From (S) ; delivers magnetic concen- 
trates to cars and non-magnetic tailings to dump. 

The mill operates on<* 10-hour shift per day for 6 days a week, and yields 
about 240 tons of concentrates per 10 hours, 

g 1480, Mill No, 157, Concenth.\ting Mill of the W^harton Steel 
Company, Wharton, New Jehsev, — This mill handles 360 tons of crude ore 
per 24 hours. The ore, running from 38 to 400( in iron and having a maximum 
size of 10-inch cubes^ passes from a 200-ton bin in the Wharton mines, Hibernia, 
New Jersty, via skip, to a chute on the tunnel level. It then runs, by gravity, 
into cars, standing on the tracks of the underground (tunnel) railroad, and is 
thus transported to and dumped into (1), at the concentrator near the mines* 

1. Bin of 1)00 tons capacity. From the mines: delivers to (2). 

2. Buchanan jaw breaker wth a Iti X 24-inch jaw opening, a speed of 
225 thrusts per minute, antl set to break to 2.5-inch cubes. One set of man- 
ganese-steel jaw plates have crushed 250,000 tons of ore and are still in fair ■ 
eomUtion. From (1); delivers crushed ore to (3), ■ 

3. Elevator with a 15° slope and 9 X 16-inch bucket^s of No* 10 steel which 
have elevated 250,000 tons of ore 55 feet and are still in good condition* The 
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er pulley is 24 and the lower pulley 30 inches in diameter. From (2) and 
delivers to (4). 

4. (irizzly with 0.75-inch spaces between the barn* From (3) ; delivers over- 
to (5) iinil undt^rsizo, vin o;ravity, to (21). 

5. Screen^ 4 feel square^ with 2.o-incli round holes. Made by the Hendrick 
mfacturing Company* From (4); delivers oversize to (6) and undersize 

6. Buchanan rolls, 18 X 3() inches, having a speed of 125 revolutions per 
ute and set to crush to 1.25 iuthcrf. The shelli;! are matle of chilled cast 

at the foundry of the Wharton furnacc^s and will bundle about l(M),tKJU 
J before l>eing worn out. From (5); deliver crushed ore 1o (3). 

7. One Wharton magnetic cobber running at 23 revolutions per nnnute 
er 25 amp<^rei^ antl 1 10 volts. From (5) ; delivers concentrates, via gravity, 
8) and tailings to (10). 

8. One Wharton magnetic co!>ber running at 23 revolutions per minute 
er 12 amperes and 110 volts. From (7) and (22); delivers concentrates to 
and tailings, via gravity, to (12). 

9. Elevator with 5 X 10-inch buckets of No. 14 steel which have moved 
,000 tons of ore and are still in good eonilitioiL The upper pulley is 20 

the lower pulley 24 inches in diameter. From (S), (15), (19), and (25); 
vei-s to (26). 

10. One 16-ineh belt conveyor with a 5-ply ruljber bt^lt made by the Eevere 
)ber Company. It has a conveying length of 109 feet, a speed of 150 feet 

minute, and has handled 125,000 tons of ore. From (7J, (14), and (25); 
vers to (11). 

11. Sizing screen. From (10); delivers various sizes of rock for road build- 
and concrete work. 

12. Hoagland rolls, 14 X 30 inches, set 0.625 inch apart. From (S); deliver 
shed ore to (13). 

13. Eleviitor with 7 X 12-inch buckets of No, 12 steel and other details as 
9) . From ( 1 2) ; del i vers to fit). 

14. One Wharton magnetic cobber with details as in (7). From (13); 
vers concentrates, via gravity, to (15) and tailings to (10). 

15. One Wharton nuignetic cobber with details as in (S) except that but 
amperes are used. From (14) ; delivers concentrates to (9) and tailings, 
gravity, to (16). 

16. Hoagland rolls, 14 X 30 inches, set 0.25 inch apart. From (15); deliver 
;bed ore to (17). 

17. Elevator with details as in (9). From (16); delivers to (IS). 

18. Scre(*n, 2.5 X 5 feet with D.25-inch round holes. Made by the Hendrick 
lufacturing Company. From (17); delivers oversize^ via gravity, to (20) 

undersize, via gravity, to (19). 

19. One Wharton magnetic cobber running at 23 revolutions per minute 
er 10 amperes and 110 volts. From (IN); delivers concentrates to (9) and 
ngs, via gravity ^ to (20). 

20. Hoagland rolls, 14 X 30 inches, set close. From (18) and (19); deliver 
shed ore to (24). 

21. Screen, 2.5 X 5 feet with 0.5-inch round holes. Made by the Hendrick 
mfacturing Company. From {\), fetl with ore euntaining from 10 to 15% 
gture; delivers oversize to (22) and undersize to (23). ^ 

22. Conveyor. From (21): delivers to (S). J 

23. Drier. From (21); dehvers dry ore to (24). 1 

24. Ek'vator with details as in (9) except as to the amount of ore handled. 
(20) and (23); delivers to (25). , 
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^H 25. One Wharton magnetic cobber with dctaila as in (1^). From (24|; 
^H deliver*s eon cent rates to (9) and tail in ^8 to (10), 

^H 2(5* Stornge bin having '*^ capaeity of oOO tons and situated alongside the 
^H railroad truck. From {{)); tlclivcrs, via gruvity, to cars and thenee to furnaces, 
^H The folluwiiig table gives an idea of the re.sults obtained: 


^H MiLterul. 


Percent W right. 




Pertrnl PhospboniiB 


^H — 1 


100 
40 
20 
40 


3Slo40 1 
OS to 04 
40 
5 to 6 


0.04 

ojom 








^^^B MiHr'Hin^t; ... 




^^H 1 ..iHnf^ 


^ - - 








^H All tlie elevator buckets have lasted two yearf^. 

^H The magnetic cobbers were made by the Wharton furnaces 

^H The method of ore treatment is covered by patent. 







Labor and Wagefi. 

This mill operates one 0-hour shift per 24 hours fi>r 6 days a week, 
following men and wages apply per shift: 



The 



Onerurtman at $2,25 4,-* , ,..*,. 12-25 

One engirircr at 1.70, •*♦,*..,..♦,,*.,,., IJO 

One hrcniun av 1.53 ,.....»•..... LAS 

FIvtrniill iiirn 4i 1.50 t.fiO 



Totals, dghi mca at ll.tia -,.....,. ..* tlSJS 

Power, 

The total powt^r rctiuired is 175 horse-power. This includes the running 
of a 25-kilovvatt generator tu supply a r25-volt direct current for the magnetic 
cobbers, 

§ 1490. Mill Xq. ir>S. WrrHKrtBEE, Shekmax, and Company, luc, Mixe- 
VILLE, EssKx t'ouNTY, New Yokk. Tliis r<jmpany operates two niiil.^.*"*! 
for the magnetic concentration of iron ore^ called No. 1 and No. 2 Mills respec*] 
lively. »** 

No. 1 Mill treats 700 tons in 10 hours, of the ore from the *' Harmony*' mini^ 
hoisted through '" A " shaft and *' li " shaft. The mill feeri averages 52*^ J in irou 
and 0.3% in phosphorus. When the demand fur ore erow<ls No. 1 Mill tu it3^ 
capacity, tlie ore from *' IV sluift is crushrd at tlie siiaft house and a fust sepura- 
tion made there, at the ** Cobbing Plant" described below. When the *' Cob- 
bing Plant'' is in upc^ration. from one-third to une-half of the ''IC shaft ore ia] 
shipped as *' Harmony cobK^L^' 

No. 2 Mill treats SOO tons in 10 hours, of the ore from the ''Old Bed'' niiiif* 
'* Joker, " and '* Bonanza" shafts, and also some of the ore from the '* Smith 
mine/' The mill feed averages 57% in iron and 1.5% in phosphorus. 

The economic minerals are magnetite am! apatite. The magnetite is minod 
from the gneiss fornuUion and apatite constitutes a hirge part of the ganginy 
tlie remainder being silica, ft^dsjKir, and hornfilf^mle. Besides those already] 
mentioruMl, there are ab(^ut 27 other miiu^rals tti bt* fuund in the udnes. 

No 1 mill is the older and many changes have been made in it since fir«t^ 
buih> The arrangement is not ideal, still, as at present laitl out, it i.s very 
flexible tu at Ij list to varying conditions. 

The pifiblein of sepjirating the phosplionis from the iron ore requires the 
elimination of the apatite or phosf)horus-bcaringgangiie. which, being praeticallyl 
non-magnetic, determines the method of treatment I'cquired. 
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Cobbing Plant, 

This Is located at '*B*' shaft. Wlien the magnetite of the crude ore is in 
the form of large crj^stullirie fragments, which break free from the rook, it vm\ 
be readily himdkxl by cobbing and a iiihipping pruduct obliiiiied carryini!; lumps 
up to 2.5 inehes in size and running, on an average, 62*, { in iron and 0.15% in 
phosphorns.'**' From the mine .skips the ore goes to (1). 

1. Grizsily with Lo-ineh spaee.s between the baJ"s, From the mine; delivers 
oversize to (2) and xmdensize to (3). 

2. Blake breaker^ with an IS >; 30-ineh jaw opening, br<'aking to 2,o inehes. 
Weighs 2y tons and is driven by a lOO hoi'se-power General lOlertrie motor, form 
** 17/' ehtss 0-100-500, with form *"T'- eonlroller and operating at 440 volts. 
From (1); delivers crushed ore to (3). 

3. Twenty-inch Robins belt <*onveyor which is head driven and has a slope 
of 15°, From (1) and (2); delivers to (4). 

4. Bin, situated over (5). From (3); delivers to (5). 

5. One Ball and Norton single-tjrum magnetic separator ** containing 16 
poles carrying 400 tunis of No. 11 wire* Uses 7*5 ampei-es at 110 volts. A 
30-inch brass drum, with an 18-ineh fae*% revolves about the poles. iM^om (4); 
delivers concentrates to (6), and tailings to (7). 

6. Twenty-inch Robios belt conveyor which is head driven and has a slope 
of 18°. From (5); dcHvcrs to (.S). 

7. Twenty-inch Rollins belt conveyor with details as in (ti) and running 
parallel to (0) with a walk between. From (5); delivers to (9). 

8. Coneenlrates bins for "Harmony cobbed." From (G); deliver, via stan- 
dard gauge railroatl cars and sealc*s, to furnaces* 

9. Tailings bins. From (7); deliver to (10), 

10. Standard gauge steel hopper-bottomed cars called '* jimmies." From 
(9); deliver, via scales^ to (U). 

Aim No. h 

11. Bin, From the "A*' and '*B" shafts and (10); delivers, via chute, 

12. Blake breaker, with an IS x 30-inch jaw opening, bn-aking to 3 inches, 
and making 234 thrusts pci minute. Weighs 21* tons. From (U); delivers 
crushed ore to (13). 

13. Twenty-inch Robins In It tunveyor with a slope of 15°. From (12); 
delivers to (14). 

14. Grizzly, 2X4 feet, with 2-inch spaces between the L5-inch bars which 
are set at an angle of 38**. From (13); delivei-s oversize to (15) and uridersize, 
via chute, to (18). 

15. Screens* L5 X 4 feet X 0.75 inch thick, of manganese-steel plates with 
0.75 X L25-ineh holes. From (14); deliver oversize to tl(>) an<l undersize to 
(17). 

16. Thi*ee Gates breakers. One style, '* D " No, 3, making 370 revolutions 
per minute and two, style '* 11 ^' No. 5, making 570 revolutions pvr minute. Both 
break to 1.5 inches. From (15); deliver crushed ore to (17). 

17. Twenty-inch Robins belt conveyor. From (15), (16), and (IS); delivers 
to (20). 

IS. One Ball and Norton singk^-ilrum magnetic .separator. From (14); 
delivei-s concentrates, via chute, to (19) and tailings, via <hute, to (17), 

19. Twenty-inch Rubins belt eonveyor. Head driven. From (18); de- 
liven?, via chut^% to (43|. 

20. Twenty-ioeh R(»liiiiH belt conveyor. From (17); delivers to (21). 

21. Twenty-inch Hobins belt conveyor. From (20); dehvei-s to (22). 
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22. Drier which is a vertical shaft in two cumpartmt*nts, the drier and the 

chimney, connected by two openings. The chimney has a clamper on the top 
which is opened if the ore gets too hot. The drier stack is 4,75 feet square 
inside, filled with cui^l-iron tees, o inches wide on the top face with a shallow 
stem, for stiffness. They are placed 4 inches apart and the rows are 6 inches 
apart vertically. The bars are staggered, each row coming below the openings 
between the bars above. Every six rows are placed at right angles to the six 
above anil below. The ore piles up on the bars until it rolls off and it then 
fiills to the next in a zigzag motion through tlie hot ganes ascending from the 
furnace. The furnace has a grate surface of <j square feet and is built on the 
side with a bridge wall betwr^en it and the thier. From (21); delivers dried 
ore, via chute, io (23). 

23. Sixteen-ineh elevator with a 10-ply cotton belt, a speeti of 275 feet per 
minute, and steel buekets, 7 X S X 12 inchi-s, elevating the oro 32 feet. Head 
driven, the head pulley being 2.5 feet in diameter. From (22); delivers, via 
chute, to (24). 

24. One Ball and Norton single-drum magnetic separator. From (23); 
delivei-s concentrates to (43) anil tailings, via chute, to (25). 

25. Anaconda rolls, 15 X 40 inches, with chrome-steel shells and making 
54 revolutions per minute. From (24); deliver crushed ore to (2G). 

26. Sixteen-inch elevator with a 10-ply ecvtton belt and steel buckets, 7 X S 
X 12 inches, set 18 inches apart, aiid elevating the ore GO feet. From (25) 
and (30); delivers to (27). 

27. Tower screens with 1.5 X 2-foot plates of Hendrick steel, 0.1875 inch 
thick with 0.25 X 0.5-ineh openings. The plates are set at an angle of 38^ imd 
have a total area of 276 square feet. From (26) ; deliver oversize, via chute, 
to (28) and undersiz(% via two chutes, to (31). 

28. Anacontla rolls, 15 X 40 inches, making 54 revolutions per minute. 
From (27); deliver crushed ore to {29). 

29. Twenty-inch llobins belt conveyor. From (28); delivers to (30). 

30. Sixteen-inch Robins belt conveyor. From (20) and (46); delivers to 
(26). 

31. Two bins. From (27); deliver to (32). 

32. Two Ball and Norton beU'typc magnetic separators. From (31); 
deliver concentrates to (43) and tailioi^s, via two chutes, to (33), 

33. Sixteen-inch Robins belt conveyor. From (32); delivei^ to (34). 

34. Fourteen-inch elevator which elevates the ore 32 feet. From (33); 
delivers to (35). 

35. Dividing box. From (34); delivers, via two chutes, to (30). 

30. Two Radiance rolls, 14 X 36 inches, with Latrobe steel shells and mak- 
ing 88 rt volutions per minute. From (35); deliver criishtMl ore to (37). 

37. Two 10-inch Robins belt conveyors. From (30); deliver to (38). 

38. Sixteen-ineh Robins belt conveyor. From ("37); delivers to (39). 

39. Sixteen-inch Hobins belt conveyor. From (38); delivers to (40). 

40. Twelve-inch elevator, with an 8-ply cotton belt and steel buckets, 6X6 
X 8 inches, elevating the ore 18.5 feet. From (30) ; delivers, via chute, to (41), 

41. liin. From (40); delivers, via two chutes, to (42). 

42. Two Ball and Norton belt-type magnetic separators. From (41); 
deliver concentrates to (43) and tailings to (45). 

43. Tw(iitv-inrh Rubins belt conveyor. Head driven. From (19), (24), 
(32), and (42); delivers to (44). 

44. Sixteen-inch Robins belt conveyor. From (43); delivers to (51). 
Sixteen-inch Robins b(4t conveyor. From (12); delivers to (46). 
One Ball and Norton ''M'^ type magnetic separator which has magnets 
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of high flux density to pick up particles of gangue canning magnetite which 
the previous belt-type machines have discarded. From (45); delivers con- 
centrates to (30) and tailings to (47). 

47. Sixteen-inch Robins belt conveyor. From (46); delivers to (48). 

48. Box. From (47); delivers, via chutes, to either (49) or (50). 

49. Sixteen-inch Jlobins belt conveyor. From (48); delivers tailings for 
shipment. 

50. Sixteen-inch Robins belt conveyor. Head driven. From (48) ; delivers 
tailings to the tailings pile. 

51. Concentrates shipping bin. From (44); delivers to furnaces. 

The concentrated iron ore will run about 62% in iron and 0.15% in phos- 
phorus and represents about 80% of the material treated. Nearly 65% of 
the concentrates are coarser than 20 mesh. The tailings will run about 9% 
in iron and represent about 20% of the crude ore. These tailings are used for 
the manufacture of concrete blocks, for which purpose a Hercules cement- 
stone machine is installed. Concrete, made from these tailings, is one-tenth 
stronger than when sand is used. 

The concentrates can be kept at any desired analysis, from 58 to 65% in 
iron, by simply adjusting the current carried by the separators and using the 
proper size screen openings. By changing the screens so that the ore is ground 
finer, the concentrates can be re-run and the iron concentrates raised to 71% 
in iron. This has been done on several carloads needed for special purposes. 

During April, 1908, this mill treated 13,245 tons of crude ore." It operates 
one 10-hour shift per day for 6 days a week and employs 18 men. In the same 
month the mill was running 212 hours. It was idle 25 hours for repairs, 14 
hours because of no ore, and 1 hour because of no power. 

Power, 

The total power used in April, 1908, was 27,080 kilowatt hours or the power 
required was 171 horse-power. No. 1 Mill has the following motors. 

One 6-pole, 60 horse-power, Form " K," General Electric induction motor 
using an alternating current, 25 cycle, 3 phase at 440 volts and making 500 
revolutions per minute. 

Two 6-pole, 75 horse-power. Form " M " motors of same make, current, and 
speed. 

One 6-pole, 75 horse-power. Form " K " motor of same make, current, and 
speed. 

One 6-pole, 60 horse-power, Form " K " motor of same make, current, and 
speed, which is belted to one 4-pole, sixty horse-power General Electric motor, 
making 880 revolutions per mmute and used as a generator to supply a 230- 
volt direct current to the separator magnets in both mills. The motors in both 
mills are located in a motor room partitioned oflf to keep the dust and grit from 
the bearings as much as possible. 

Mill No, 2. 

The ore is brought from the "Joker" and "Bonanza" shafts in standard 
gauge "jimmies" holding about 8 tons each, and, after being weighed by a set 
of Fairbanks track scales, of 45 tons capacity, is delivered to (52). 

52. Bin with a hinged steel-chute to control the discharge. From the mine; 
delivers, via chute, to (53). 

53. Blake breaker, with an 18 X 30-inch jaw opening, breaking to 3 inches 
and making 250 thrusts per minute. Weighs 29 tons. From (52); delivers 
crushed ore to (54). 
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54, Twenty-inch Robins belt conveyor with a 4-ply rubber belt having a 
0J25-mch rubber cover, a conveying hvnj^th of 59 feot, a sptx'd of 484 feet per 
minute, a capacity of about IM) tons per iiour, a life of ab^uit 1,4(30 hours, and a 
slope of 10-'* Ifrad driven. From (53); delivers to {o'y). 

55, Screen made up of four 1.5 X 4-foot manganciio-steel plates, 0.75 inch 
thick with i)Jo X 1,25-jneh openings and having slopes of 39*5°* From (54); 
delivers ovt^r^ize to (50) and undersize to (57). 

56. Blake double-jaw breaker, with 6 X 36-inch jaw openings, breaking to 
1.5 inches and making 292 thrusts per minute. From (55); delivers crushed 
ore to (57). 

57. Twenty-inch Robins belt conveyor w^ith a 4-pIy rubber belt having a 
conveying length of 65 f*!et, a speetl of 4 IS feet per minute, a capacity of about 
90 tons ]>er hour, and a slope of 19,5"^. From (55) ami (56); delivers to (5^). 

iyS^, Serein made up of 1.5 X 4-foot manganese-^steel plates, 0.75 inch thick 
with 0.75 X L2o-inrh openings and having slopes of 38*^. From (57); delivers 
oversize to (59) and undersize to (63). 

59. Dividing box. From (5S) ; delivers, via two chutes, to (60). 

60. Two l(]-inrK Robins belt conveyors. From (59); deliver to (61). 

61. Two Anaconda rolls, 15 X 40 inches, making (K) revolutions per minute 
and set 0.5 inch apart. From (60); deliver crushed ore to (62). 

62. Twenty-ini'h iiobins belt conveyor with a skjpe of 10.5° and head driven. 
From (Bl); delivers, via chyles, either to (63) or (65). 

63. Fighteen-inrh elevator with a 10-ply cotton belt having a speed of 
300 feet per minute and steel buckets, 7 X S X 12 inches, set 18 inches apart. 
Htrad driven. From (5S) and (62); delivers to (64). 

64. Drier with details as in (22). From (153); delivers dry ore to (65). 

65. Sixteeii-iiich Holjins lielt conveyor with a 4-ply rubber belt run level 
at a speed of 5tJ0 feet i>er minute, having a conveying length of 35 feet, a ca- 
pacity of 90 tons per liour, and an average hfe of 820 liours. Tail driven. Froai 
{62),"(64j, and (73); delivers to (66). 

66. Screen made up of three 1.5 X 2-foot, sheet-steel plates having 0.1875 X 
0.75-inch openings and a total screening surface of 9 st^uare feet. From (65) 
and (75); delivers oversize to (69) and undersize to (07)* 

67. Sixteen-inch elevator with a 10-ply cotton belt having a speed of 189 
feet per miimte and steel buckets, 7 X 8 X 12 inches, elevating the ore 14 feet. 
From (06); delivers to (6S). 

(is. (Jne Hall and Norton belt-type magnetic separator with a rapacity 
of 15 tons per hour. From (67); delivers concentrates, via chute, to (81) and 
tailiiig;s to (69). 

69. Twenty-inch elevator" with a 10-ply cotton belt having a speed of 275 
feet per minute and steel buckets, 6 X 7 X 16 inches, elevating the ore 70 feet. 
From (66) and (6S); delivers to (70). 

70. Tower screens made up of stationary Hendrick perforated ste^el plates, 
each 1.5 X 2 feet, set at an angle of 38^^. There are four sets of screens making 
ftve sizes of pnjducts. Each size of screen is made up of 11 plates and then* 
are 66 square feet of screening surface to each screen, or 2ti4 square feet in all. 
The following size openings are used, but are sometimes varied to suit conditions, 
according to the character of the ore receiveil or the products desired: the first 
size is 0.091 X 0.5 inch; the second, 0,1875 X 0.75 inch; the third, 0.25 X 0.5 
inch; and the fuurth, 0.375 X 0.75 inch. From (69) ; deliver the difTerent under- 
sizes to (76) and the oversize to (71). 

71. Fourteen-inth Robins b(4t conveyor having a conveying length of 40 
feet and a slope of 14^. Head driven. From (70); delivers to (72). 

72. Dividing box. From (71); delivers, via two chutes, to (73)* 
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73. Two Reliance rolls, 14 X 30 inches, making 76 revolutions per minute. 
From (72) J one delivers crushed ore to (74) and the other to (65), 

74. Sixteen-inch Robins belt fX)nv<\yor having a conveying length of 15 
feet. Fi'oni (73); delivers to (75). 

75. Sixieen-inch Robins belt conveyor having a conveying length of 16 
feet. From (74), delivers to (66). i 

76. Four bins. From (70); dehver, via roller feeders, to (77). 

77. Five Ball and Norton belt-type magnetic separators. Each has 12 
poles wound with 200 turns of No. 11 enameled wire carrying a maximum 
current of 9 amperes and, at present, using 200 volts. One lumdred and ten 
volts have been used when more convenient. The .separators are connected 
with resistance boxes which rontrol the current that can be rut down to 3 
amperes when desired The distance between tlie feed belt and nmgnets is 
about 1 inch, but this distance is adjustable and by varying this, as well as the 
e ur ren t , t he i r o n v o n 1 1 ^n ts of t he c o n(*e n t ra t es c a n h e va r i c*d at will. F ro r n (76), 
two separators working on the finest size; deliver concentrates to (7S) and tail- 
ings to (70)* 

78. Twenty-inch Robins belt conveyor having a conveying length of 37 
feet and a life of about 5 yeai^s. From (77); delivers to (OS)* 

79. Fourteen-inch Robins belt conveyor running level at a speed of 320 
feet per minute, having a conveying length of 47 feet, and a life of about 5 yeaiis. 
From (77); delivei^s to (80). 

80. One Ball and Norton belt-type magnetic separator. Conveyor (79) 
becomes the fet^d belt for this separator by substituting a roller, with a spread- 
ing device over the belt, for a t roughing idler, near the ilischarge end. This 
separator recovers ore which may have passed the other nnicl lines due to too 
heavy a feed or any other causes. From (79) ; delivers concentrates to (SI) 
and tailings to (83). 

81* Sixteen-inch Robins belt conveyor. From (68) and (SO) ; delivers to 

(82). 

82. Sixteen-inch Robins belt conveyor with a conveying length of 55 feet. 
From (81); delivers to (OS). 

81^. Fourteen-inch Robins belt conveyor having a conveying length of 19 
feet, a speed of 234 feet per minute, and a slope of 20.5°. From {SOj; delivers 
to (84). 

84. Eigh teen-inch elevator with a 10-ply cotton belt having a speed of 
250 feet per minute and steed buckets, 6 X X 10 inches, elevating the ore 44 
feet. From (S3); delivers to {Hfy). 

85. Tower screens made up of .stationary perforated steel plates^ each 1.5 X 
2 feet, set at an angle of 3S '^. There are two sets of screens making three sizes 
of products. Each size of screen is made up of 12 plates and ihc^re are 36 square 
feet of screening surface to each screen or 72 square Ivvt in all. The fir.st size 
h:is 0.031 X 0.5-inch holes, and the second size has 0.0()3 X 0,5-inch holes. 
From (84); delivf*r material through the first size to (Sil)^ nuiterial through the 
second size to (91) and (93), and tlie oversize to (SO). 

86. Fourteen-inch Robins belt conveyor. From (85); delivei-s to (87). 

87. Traylor high-speetl rolJs, 10 X 32 inches, making 235 revolutions per 
minute. From (86); deliver crushed ore to {88} . 

88. Sixteen-inch Robins belt conveyor. From (87); delivers, via chute^ 
to (95). 

89. Bin. From (85); delivers to (90). 

90. One Norton type ^' M " magnetic separator which is made up of power* 
ful magnets having 420 turns of No. 1 1 enameled wire, carrying 7.5 anq>eres, 
at 200 Volts. The top pieces, connecting the magnets, are also wound witl 
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200 turns of the same wire and carry the same current. This separator pickB| 
up all material having: any particles of magnetite attarhed, eonsiderable horn- 
blende, and some of the red crystals of apatite* From (SU) ; delivers concen- 
trates to (ir>) and apatite to (102). 

91. Bin. From (S5) ; delivers to (92). 1 

92. Welherill type "E" magnetic separator. From (91); delivers con- 
centrates to (95), apatite to (102), and tailings to (99). 

93. Bin. From (85); delivers to (94). 

94. Wetherill type **E" magnetic separator. From (93); delivers con- 
centrates to (95), apatite to (102), and tailings to (99), 

95. Fourteen-inch Robins belt eonvevor with a conveying length of 27 feet. 
From (88), (90), (92), and (04); delivers" to (90). 

96. Ten-inch elevator, is ifi-L^t high. From (05); delivers to (97). 

97. One Ball and Norton belt -type magnetic separator. From (96); de- 
livers concentrates to (9K) and tailings to (99). 

9S, Twenty-inch Rubins belt conveyor having a conveying length of 119 
feet, a speed of 202 feet per minute, and a slope of 5.5^. Head driven. From 
(78), (82), and (97); delivers to (104). 

99. Fourteen-inch Robins belt eonvevor. From (92), (94), and (97); de- 
livers to (100) or (101). 

100. Fourteen-inch Robins belt conveyor. From (99) ; delivers to the tail- 
ings pile, 

101. Fourteen-inch Robins belt conveyor. From (99); delivers to (105). 

102. Fourteen-inch Robins belt conveyor. From (90), (92), and (94); 
delivers to (103). 

103. Fourteen-inch Robins belt conveyor. From (102): ilelivers to (lOG). 

104. Concentrates shijiping bin. From (OS); delivers, via Gal's and scales, 
to furnaces. Used for foundry pig and basic steel production. 

105. Tailings shipping bin. From (101); deli vej-s tailings to tailings pile. 
10(j. Apatite i^hipping bin. From (103); delivers, after weighing, apatite 

for fertilizers running from 45 to 50% bone phosphate. 

Most of the time separately (92) and (94) will produce apatite running higher 
in phosphorus than the st^parator (90) whose product nms about -^0% bone 
phosphate. (00), however, will haiuHe 4 times as much as eitht-r (92) or (94). 
Part of the time, when a larger proportion of the apatite is slightly magnetic, 
separators (92) and (91) throw it out with the hornblende. Then the product 
of (IK)) will be higher in pho.sphorus than either (92) or (94). 

Experience at this plant has shown that the coarse material does not carry 
enough moisture to interfere with a good separation, and conser|uently only 
the fincH are put through the drier (64) ordinarily. It was found that in vciy 
cold weather, when all the ore was pas.sed through the diir'r, all the heat avail- 
able fjviui the grate surface wxmltl only warm the ore to the melting point of 
the frnst. By keeping out the coarse material the fines could be dried nicely 
and, the coar.se biding delivc^retl to the conveyor before it reached the ilrier, 
fojined an effective protection to the belt from the hot material of the drier. 

A peculiar feature of mill construction occurs at this plant. The screen 
(G6), elevator (07), and separator (08) were put in for adilitional s<»parating 
capacity and to relieve elevator (00) of a part of the load. This works out vcr>* 
satisfactorily as the screen (0(>) removes just about enougli feed for (OS). A 
Vf*ry good layout for a mill could be made with this arrangement in seric*8, thus 
avoiding high elevators and scre(*ns and, conse(|yently, sa\ing mill height. 

The iron conct^ntrates will run abuut 05,5''y, in iron antl 0.8% in phosphorus 
and represc*nt 859J, of the material treated. The apatite concentrates contain 
about 10% phosphorus, equivalent to 50%^ bone phosphate, and represent 
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7.5% of the material treated. The other 7.5% of the material treated is in 
the tailings which run about 12% in iron. 

During April, 1908, this mill treated 18,026 tons of crude ore. It operated 
one 10-hour shift per day for. 6 days a week, and employed 22 men. In the 
same month the mill was running 205.5 hours. It was idle 33.5 hours for 
repairs, 10 hours because of no ore, and 3 hours because of no power. 

Power, 

The total power used in April, 1908, was 22,310 kilowatt hoqrs or the power 
required was 145 horse-power. Mill No. 2 has the following motors. 

Two 6-pole, 100 horse-power, Form '* M " General Electric induction motors 
using an alternating current, 25 cycle, 3 phase at 440 volts and making 500 
revolutions per minute. 

One 6-pole, 60 horse-power, Form '* K " motor of same make, current, and 
speed. 

One 6-pole, 15 horse-power. Form " K " motor of same make, current, and 
speed. 

The latest motors installed have been Form "M" having collector rings 
on account of the great starting torque obtainable. This is needed to start 
the mill, particularly in cold weather when the belts have become stiff. On 
this account the motor capacity is nearly double the average power used. 

Electrical power costs approximately one cent per horse-power hour. 

-Power for both mills and the mines is furnished by two water-power plants 
and three steam plants. 

The water-power plant at Wadham's operates under a head of 48 feet and 
has a generator of 300 kilowatts capacity, while the one at Kingdom has a 
head of 290 feet and a generator capacity of 375 kilowatts. At present the 
combined water-power plants furnish about 450 kilowatts which is transmitted, 
at 6,600 volts, to the mines. 

The steam plant at Port Henry, New York, on Lake Champlain, consists 
of one 800-kilowatt Curtis turbine; a 2-pole, 800-kilowatt generator, generating 
a 25-cycle, 3-phase current at 6,600 volts, and making 1,500 revolutions per 
minute; one 2,500 squar4»-foot surface condenser with auxiliaries; four 250 horse- 
power Babcock and Wilcox boilers with superheaters; one 25-kilowatt Turbo 
excitor set; and one 20-kilowatt motor-generator set. The power lines are car- 
ried 4 miles to a sub-station at the mines from whence step-down transformers 
distribute the current at 3,300 volts. 

The steam plant in the Central Power House, at the mines, consists of one 
750-kilowatt alternating-current, 3, 300- volt generator direct connected to a 
1,200 horse-power compound Corliss condensing engine with suitable accessories. 
The current from the central plant is joined to that from Port Henry and the 
two water powers and distributed on the same wires, after leaving the trans- 
formers which reduce the voltage to 3,300 volts, and carried to points where 
the motors are located, when it is further reduced to 440 volts by transformers 
near the motors. 

Water, 

The water supply system affords water, by gravity, for fire protection, 
drinking water, and boilers. 

The reservoir is located 0.75 mile from the Old Bed power house and^ 100 
feet above it. The water is unusually soft, and it leaves a scale in the boilei 
after two years' use, of not over 0.125-inch thickness. 
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Q. Mills Saving Iron and Copper Values. 

Mill 150 is the only one of this type given. 

g MDl, Mill No. loO. Lebanon Plant of the Pennsylvania Steel 
Company, Lebanon, Pennsylvania.'** — This phmt has a capacity of 075 
tons per 24 hoursJ'* The ore comes from the Coin wall deposits and occurs 
as soft deposits of magnetite restini^ against igneouf^ i likes. It is low in pho;*- 
phorus and is uf*ed in making Bessemer pig iron. The economic minerals 
are magnetite, chalropyj'ite, and pyrite in a gangue of limestone and sandstone 
slate. The crude ore runs about 42% iron, 2% sulphur, and 0.45% copper* 
The problem is to save the iron and copper.^' 

Crushing Plant. 

The ore comes to the plant, via railroad ears with drop bottoms, and is 
delivereii, through a chute 4 feet wide with a steel-plate bottom, to (1). 

L One No. 6 *' K" Llatcs l>reaki*r breaking to 2.5 inches, making 350 revo- 
lutions per minute, and having a capacity of 1 JXMJ tons per 24 hours. Requires 
2 men per shift to attend it and the rings and dies have a Ufe of 1 year. From 
the raihoad cai*s; <lclivers crushed ore to (2). 

2. drizzly, 4.5 feet long, having a slope of 45'=*, and 0.5 X 2'inch bars, set 1 
inch apart ami running crosswise. From (1); delivers oversize, via shaking 
feeder, chute, and roller, to (3) and undersizc to (4). 

3. One set of Anaconda-typ«^ rolls, 15 X 40 inches. Have fixed and mov- 
al)le rod with springs. Crush to (lt>25 inch and make 45 revoIutionH per minute. 
From (2); tleliver crusht'd ore to (4), 

4. Robins liV-inch ruljber belt-<*onveyor with a conveying length of 200 
feet» a slope of 22^, a speed of 300 feet per minute, and a capacity of 1,000 tons 
per 24 hours. From (2) and (3); delivers to (5). 
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Concentrating Plant, 

5. Wooden bin of 2,000 tons capacity with a flat bottom. From (4) ; de- 
livcrSj via 4 rollers 3 f4'ct in diameter, to (6) and, via 2 shaking feeders, to (8), 

6. Four 5-foot wet ball mills. Inside diameter 5 feet and outside length 
7 feet. Crush to 1.5 millimeters. Two hundred east-iron halls, 6 inches in 
diameter and weighing 30 pounds each, arc put into the mill at the start and 
2 or 3 new otu's are added ea(*h day to keep the charge up to weiglxt. For goorl 
work there should be a mixture of large and small balls at all times. Man- 
ganese-steel linings were used, but in 3 or 4 months* time they wore from 4 
inches thick to 2.5 inches and had to to discarded. Chilleil-iron linings are now 
being u.sed and last from 8 to 12 months. The capacity of each is from 100 to 
125 tons per 24 hours. Punched plate, with holes 0.(325 inch in diameter, is 
used for chip screens. Speed 20 revolutions per minute. Fed at one end and 
discharged at the other. From (5); deliver crushed ore to (7). 

7. Five double Grondal magnetic separators. Stationary magnets sur* 
rounded by revolving bminated drums. The speed of the drums is 90 revolu- 
tions per minute. Current 4.5 amperes and voltsige from 220 to 250 volts. 
There are 20,000 ampere turns to each tlrum and the 2 drums are connectctl 
up in series. It requires L3 horse-power for the magnets and from 1.5 to 3 
horse-power to revolve the drums. From (6) ; deliver magnetic or iron product 
to (20) and non*niagnetic product to (21). 

IS. Two trommels, 3x7 feet, having punehed-plate screens with holes 5 
millimeters in diameter, slopes of 0.(i25 inch to the foot, speeds of 20 revolu- 
tions per minute, and capacities of from 100 to 20O tons per 24 hours. From 
<'5>* deliver oversize to (9) and undersize to (10). 
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9. One set of Anaconda-type rolls, 15 X 40 inches, crushing to a maximum 
L625-inch ciibe.s, making fK) revolutions per minute, and having a capacity 
^roni 400 to 5tM) tons per 24 hours. For other details see (3). From {b}\ 
deliver crushed ore to (11). 

10, Two trommels, 3X7 feet, with hoh^s 1.5 niillimeters in diameter. 
Other dt'tail^ like (S). From (8); deliver over.size to (16) and umlersize to (19). 

11. Three tronimeks, 3X7 feet, with holes 1..3 millimeters in diameter. 
Only two used. Other details like (8). From (0); deliver oversize to (12) and 

\ undersize to (18), 

I 12. Tromme!^ 3X5 feet, with punched-plate screens having holes 0.75 

inch in diameter, a slope of 0.625 inch to the foot, and making 20 revolutions per 
minute. Vi^vii only to remove chips, From (11); delivers oversize to waste 
^^^id undersize to (13). 

^m 13. One set of Anaconda-tj^ie rolls, 15 X 40 inches, having a speed of 75 
^Rrevolutions per minute and a capacity of 100 tons per 24 hours. Set close, 
^^phells last IS months. Fiom (12); deliver crushed ore to (14). 
^■^ II. Fourteen-inch elevator with an -S-ply niblx'r belt having a life of from 
^^ to 12 months, a speed of 2(K) feet per minute, capacity of 150 tons piT 24 
I hours » ami 12-inch malleable-iron buckets, set 12 inches apart, elevating the 

I or© 40 feet. From (13); delivers to (15). 

II 15. Four trommels, 3X7 feet, • with holes 1.5 millimeters in diameter. 
Only two uscfl. Other details like (S). From (11); deliver oversize to (16) 
and undersize to (IS). 

16. One double Grondal coarse magnetic .separator. For details see (7). 
From (10) and (15); delivers magnetic or iron product to (17) and non-magnetic 
product to (21). 

17. Wet ball mill crushing to 1.5 millimeters. From (16); delivers crushed 
ore to (IS). 

IS. Fourteen-inch elevator witli details like (14). From (11), (15), and (17) ; 
delivers to (19). 
1 19. Six double and one single (Iron^lal magnetic separators. (Six working) 

tFor details see (7). From (10) and (IS); deliver magnetic produrt to (20) 
imd non-magnetic product to (21). 
20. Settling tank for iron concentrates, 45 X 34 X 12 feet dee|j, divided into 
4 compartments and coupled with a draining pit. From (7) and (10); delivers 
settlings, via electric grab bucket, to nudulizing plant and ovcTfiow to waste. 
I 21. Frayer 6-inch centrifugal water-lined pump having a speed of 650 
devolutions per mituite and a capacity of 250 tons per 24 hours against a lift 
of 40 feet. Runners last from 2 to 3 months and linings 6 to 10 months. I'rom 
(7), (16), and (19); deHvers to (22). 



Copper Departtnent 

22. Dewatering box, 8 X 9 X 10 feet. From (21); delivers spigot to (23) 
id overflow to waste. 

23. One Richards' hydraulic classifier, with 4 spigots, having a capacity 
250 tons per 24 hours. From (22) ; delivers fii^t spigot in (21), second spigot 
(25), third spigot to (20), fourth spigot to (27), antl overllow to (2H). 

24. One 3-compartment Harz jig with sieves, 2X3 feet, of S-mesh, IK- 
rire cloth. The plungers make 70 2-inch strokes per minute. From (23); 

ivers discharges and hutches to (32) and tailings to (29). 

25. Two Wilfley tables making 240 0.5-incli throws per minute. Capacity 
from 25 to 30 tons per 24 houi^s. Only one run, one held as a spare. From 
£23); deliver concentrates to (32) and tailings to (29). 
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26. One Wilfley table with details as in (25). From (23); delivers con- 
centrates to (32) and tailings to (33). 

27. One Wilfley table with details as in (25). from (23); delivers con- 
centrates to (32) and tailings to (33). 

28. Spitzkasten, 6 feet square. From (23) ; delivers spigot to (31) and over- 
flow to waste. 

29. \Yet ball mill, 4x4 feet, crushing to 1.5 millimeters. From (24) and 
(25); delivers, via steam jet elevator, to (30). 

30. One Wilfley table making 240 0.75-inch throws per minute. Capacity 
from 15 to 20 tons per 24 hours. From (29) ; delivers concentrates to (32) and 
tailings to (33). 

31. One Card table making 240 0.75-inch throws per minute. From (28); 
delivers concentrates to (32) and tailings to (33). 

32. Separate V-shaped copper-concentrates bins, with 60° slopes to the sides, 
for each machine. From (24), (25), (26), (27), (30), and (31); deliver copper 
concentrates, via wheelbarrow, to market or storage and overflow to waste. 

33. Frenier sand pump. From (26), (27), (30), and (31) ; delivers to waste. 
The following gives an idea of the results obtained: 



Tons. 



Percent 
Iron. 



Percent 
Sulphur. 



Percent 
Copper. 



Crude ore 

Magnetic concentrates 
Copper " 
Tailings 



100 

70 

3 

27 



45.00 
60.64 
39.00 
12.00 



2.00 

1.00 

28.00 

1.00 



0.45 
0.20 
5.00 
0.20 



At this plant the Wilfley and Card tables do equally good work on fine material 
and the construction of both is very good. In this district where iron is cheap 
the cost of crushing by Ball mills and by rolls and screens is about equal. Ball 
mills require less attention to operate and keep in repair than rolls. The size 
of the product is kept constant at 1.5 millimeters by regulating the quantity 
of water and feed to suit the hardness of the ore. 

All slime water B.nd tailings arc collected and settled, the clear water being 
re-pumped to the mill system again. 

The mill operates on two 12-hour shifts per day, 7 days per week. There 
are employed 14 men per shift in the mill, 2 men in the engine room, and 2 
men in the boiler room. Common labor j*eceives 12 cents per hour and fore- 
men 22 cents per hour. 

Power and Water. 

Babcock and Wilcox boilers with a total capacity of 1,000 horse-power, 
using blast furnace gas for fuel, furnish steam at 110 pounds pressure to the 
following engines: One simple non-condensing Corliss engine, 22 X 48 inches, 
furnishes 375 horse-power for the mill; one engine of the same style, 16 X 36 
inches, furnishes 175 horse-power for the Gates breaker and the first set of rolls; 
two Buckeye engines, 16.5 X 18 inches, are direct connected to two W^esting- 
house direct-current generators and also furnish power for the nodulizing de- 
partment. The generators each deliver 180 kilowatts at 250 volts. 

The distribution of power is about as follows: 

Gates breaker (1) 50 horse-power 

RolU (3) 10 " 

Belt conveyor (4) 15 " '* 

Two rolls (9) and (13) 25 " 

Fine baU mills (6) and (17) 125 " 

Two elevators (14) and ( 18) 5 " 

Twelve screens (8). (10), (11), (12), and (15) 10 " 

Fraycr 6-inch pump (21) 25 " 

Twelve separators (7), (16), and (19) 50 '* 

Water pumps 100 *' " 

Lights JO *' 

Total 425 " 
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From 750,000 to 1,000,000 gallons of water are required per 24 hours. This 
is pumped by one 10-inch centrifugal pump 15 feet, and by two 10-inch, 2-stage 
Morris centrifugal pumps (one spare) 50 feet, to a 61,000-gallon supply tank. 

R. Mills Saving Gold and Copper Values. 

Mill 160 is thoroughly new, modem, and well designed and ably exemplifies 
this class. 

§ 1492. Mill No. 160. Moctezuma Copper Company, Nacozari, Sonora, 
Mexico. Concentrator No. 2. — This mill has a capacity of 2,000 tons per 
24 hours which may be increased to 3,000 tons if it is, later on, found practical 
to throw away the jig tailings.^ The buildings have steel frame-works, concrete 
foundations, iron sides and roofs, and concrete floors which slope 1.25 inches 
to the foot. The mill is divided into two 1,000-ton sections, only one of which 
is running at present. The ore handled contains auriferous chalcopyrite, 
pyrite, bornite, and quartz, with chalcopyrite as the economic mineral, and it 
will average about 3.5% in copper before concentration. The matrix is a fine- 
grained siliceous rhyolite. About 5 tons of crude ore are concentrated into one. 
Ore is hauled 5.5 miles by a steam railroad and delivered to (1). 

Crushing Plant for Both Sections. 

This department is run only during the daytime so as to release the power 
necessary for lighting the plant at night, the two about offsetting one another. 

1. Ore bins of 800 tons capacity with bottoms sloping at about 26.5°. From 
the mines; deliver, via 2 gates and chutes, to (2). 

2. Two ore feeders. From (1); deliver to (3). 

3. Two grizzlies, 8 feet long by 4 feet wide on top and 5 feet wide on the 
bottom, with 2.5-inch spaces between the bars which slope at about 26.5°. 
From (2); deliver oversize to (4) and undersize to (5). 

4. One No. 8 McCully gyratory breaker. From (3) ; delivers ore, crushed 
to 2.5 inches, to (5). 

5. One 36-ineh belt conveyor with a conveying length of 46 feet, a speed 
of 250 feet per minute, and elevating the ore 15.75 feet. Tail driven. From 
(3) and (4); delivei-s to (6). 

6. Two trommels, 4 X 10 feet, having 1.75-inch round holes punched in 
manganese steel. From (5); deliver oversize to (7) and undersize to (8). 

7. Four No. 5 McCully g>Tatory breakers. From (6) ; deliver ore, crushed 
to 1 inch, to (8). 

8. One 24-inch belt conveyor with a conveying length of 332 feet, a speed 
of 300 feet per minute, and elevating the ore 76 feet at an angle of nearly 16°. 
Head driven by gear and pinion. From (6) and (7); delivers and distributes 
to (9). 

Sampling Plant in Two Sections. 

Only One Section will be Described. 

9. Crushed-ore bins of 2,000 tons capacity. From (8) ; deliver, via chute, 
to (10). 

10. Portable ore-feeding cylinder with knives. Can be run in front of the 
chute of any bin in (9). From (9); delivers to (11). 

11. One 18-inch belt conveyor with a conveying length of 152 feet, a speed 
of 250 feet per minute, and elevating the ore 14.5 feet. Head driven by gear 
and pinion. The corresponding conveyor for the other section is similar to this 
except that it has a conveying length of 205 feet. From (10) ; delivers to (12). 

12. One 18-inch belt conveyor with a conveying length of 89 feet, a speed 
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From (17); deli vera 



of 2")0 feet per minute, and elevating the ore 13.5 feet. Head driven by geiir 
imd pinion. From (U); delivers, via Blake Denison weighin;^ maehine, to (13), 

13. Sampler. From (12); delivers sample to (U) and reject to (21). 

11 Sample hopper. From (13); delivers to (15). 

15. Plunger feeder, 4x6 inches. From (14); delivers to (16). 

16. Mixing drum, 2.5 X 3.0 feet. From (15); delivers to (17). 

17. Snyder sampler, 3.5 feet in diameter. From (16); delivers sample to 
(18) and iTJeet to (21). ^ 

IS, Dodge breaker with a 7 X 9- inch jaw opening 
crushed sample, via hopper, to (19). 

19. 8nyder Banipler, 2.25 feet in diameter. From (IS) ; delivers sample 
to (20) and reject to (21), 

20. Sample grinder. From (10); delivers sample to aasayer and all rejects 
to (21). 

Concentrator in Two SecUonn, 

Onhj One Sfrthn imll be Described. 

2F Two 22-ineh elevators with malUnible-iron buckets, 9 X 10 X 20 inches, 
which elevate the ore 57.5 feet. From (13), (17), (19), (20), (20), (31), (33), 
(35), (37), and (39); deliver to (22). 

22. Mixing box. From (21); delivers to (23), 

23. Two tronunelH, 3.5 X 6 feet, making 20 revolutions per minute and 
having IS-millimeter round punched holes and slopes of L5 inches to the foot. 
From (22); deliver oversize to (28) and undersizc to (24). 

24. Two trommels with details as in (23) except that they have 12-milli- 
meter round punched holes. From (23) ; deliver oversize to (32) and under- 
side to (25), 

25. Two trommels, 3.5 X 7 feet, making 20 revolutions per minute and 
having 7-millimeter round punched holes. From (24); deliver oversize to (36) 
and undersize to (20). 

26. Three trommels, 3.5 X 8 feet, making 20 revolutions per minute and 
having 4-millinieter round punched holes, l-'rorn (25) ; deliver oversize to (40) 
and underside to (27). 

27. Three trommels with details as in (26) except that they have 2-millimeter 
round punched holes. From (26) ; deliver oversize to (41) and umiersize to (44) 

2S. Two double 1 -compartment bull jigs with sieves, 24 X 42 inches?, and 
plungers making SO throws per minute. The length of the throw can be varied 
from to 6 inches. From (23), fed with 25.4 to IS-millimeter .stuJT; dehvcr 
all side cup discharges, via side gates and (63), to (64); all hutch products to 
(29); and tailings to (30). 

29. Settling tank. From (28) and (30); delivers settlings to (21) and over- 
flow to {i}'}), 

30. De watering feeder, 9 feet long by 4.5 feet wide. From (28); delivers 
ore to (31) and water to (29). 

31. Coarse rolls, 16 X 42 inches, making SO revolutions per minute and 
crushing to 0.1875 inch. Thrown in and out of action by friction clutch. From 
(30); deliver crushed ore to (21). 

32. Two double 2-compartmeut jigs with sieves, 24 X 34 inches, and plungers 
making from 1 10 to 125 throws per minute. The length of throw can be varied 
from to 6 inches. From (24), fed with IS to 12-millimeter stuff; deliver all 
side cup ilischarges, via side gates and (611^), to ((54) ; all hutch products to (33) f 
and tailings to (34). 

33. Settling tank. From (32) and (34) ; delivers settlings to (21) and ovei 
flow to (55). 



34, Dewatcring feeder with details as in (30). From (32); delivers ore to 
(35) and water to (33). 

35. Medium rolls with details aa in (31) except that they crush to 0,062 inch. 
From (34); drtiv(?r crushed ore to (21). 

3(1- Two double 2-compHrtment jigs with details a>s in (32). From (25), 
fed with 12 to 7-millimetpr stuff; deliver all side cup disrharges, via side gates 
and («>3), to ((54) ; all hutch product.s to (37): and tailings to (38). 

37. Scuttling tank. From (36) and (38) ; deliverci settlings to (21) and over- 
flow to (55). 

38. Dewatering feeder with details as in (30). From (36); delivers ore to 
(39) and water to (37). 

39. Fine rolls with details as in (31) except that they are set close. From 
(3S): deliver crushed ore to (21). 

40. iSix 3-compartment jigs with sieves. 24 X 34 inches, and plungers 
making from 150 to 175 throws per minute. The length of throw can he varied 
from to 3 inches. From (26), fed with 7 to 4-niilHnK'ter stuIT; deliver all side 
cup discharges, via side gates and (63), and all hutch products, via (63), to 
(64); and taihngs to (42). 

41. Six 3-compartment jigs with details as in (40). From (27), fed with 
4 to 2-niillimeteF stuff; deliver all sirie cup disrhar^es, via sid(* gates and (63), 
and all hutch products^ via (t>3), to (64); and tailings to (42). 

42. Five dewatering tables with iletails as in (30). From (40) and (41); 
deliver tailings to (4'S) and water to (55). 

43. Jig-tailings bin of structural steel and concrete, 60 feet long by 13 feet 
high by 11,5 feet wifle on top and sloping at 45° to the bottom. From (42) j 
delivers, via four gates, to (4S). 

44. One V-shaped settling tank. From (27); deHvers settlings to (45) and 
overflow to (55). 

45. Two duplex Callow 30-mesh screens. From (44); deliver oversize to 
(46) and undersize to (47), 

46. Eight Wilfley tables. From (45); deliver concentrates, via (53), to 
(65); middlings to (50); and tailings to (60). 

47. Two Wilfloy tables. From (45); deliver concentrates, via (63), to (65); 
middlings to (50); tailings to f(K)); and slimes to (55). 

4S. Four ore feeders. From (13); dt4iver to (41)). 

40. Four Evans Wa<ldell 6-foot C'hili mills witli 2-nu41imeter, standard-e^lot 
discharge screens. Thrown in and out of action l»y friction rlutches. Two 
used and two held as spares. From (Is)', d(4i\'(T pulp to (52). 

50. Two 22-inch f4evalors with nialleuble-iron buck<4.s, (J X 10 X 20 inches, 
wdiich elevate* the ore oG feet. From (46), (47), and (54); deliver ore to (51) 
and water to (5S), 

51. One Evans Waddell 6-foot Chili mill with 1.5-millimeter round holes 
in the discharge screens ami other ck'tails as in (4!*). From (50); delivers pulp 
to (52). 

52. Two settling tanks. From (40) and (51); deliver settlings to (53) and 
overflows to (5S). 

53. Six duplrx Callow 30-mesh screens. From (52); deliver oversize to 
(54) and undorsize to (5S). 

54. Eighteen Wilfley tables. From (53); deliver concentrates, via (63), 
to (65), middlings to (50), and tailings to (60), 

55. Eight slimes-settling tanks. From (29). (33), (37), (42), (44), and 
(47); deliver settlings to (56) and clear water overflows to (72). 

56. Two slimes'settling tanks. I'^rom {oo); deliver settlings to (57) and 
erflows to (58). 
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§ 1492. Mill 160. OUTLINES OF MILLS. 1835 

Labor. 
The following help is employed per 24 hours when only one section of the 
mill is in operation. When the other section is running only 50% additional 
help will be required. 

One man at the power plant two shifts 

" " " distributing conveyor (8) three " 

" " on feeder (10) , weighing machine, and trommels (23) , 

(24), (25), (26), and (27) '' '' 

" " ^' coarse-jigs (28), (32), and (36) 

" helper '' " " " " " *' 

" man '' Callow screens (45) and Wilfleys (46) and (47) . . 

" helper '' Callow screens (45) and Wilfleys (46) and (47) . . '' '' 

" man " fine jigs (40) and (41) 

" helper '' *' *' " *'' *' 

" man '' rolls (31), (35), and (39) 

" " " Chili mills (49) and (51) '' " 

" helper " '' " '' 

" man " Callow screens (53) " " 

" " '' Wilfleys (54) 

" helper '' '' '' 

" man '' Vanners (57) 

H li it H /;^Q\ ti tt 

" helper ^' '[ '' \\\\'.\\\'.\'.'.\\','.\'.\\\'.'.\\\\'.\\\\ " " 

" man " settling tanks, concentrates bins, etc " " 

'' pumps 

Besides the above list of 59 men per 24 hours there is a "clean-up gang" 
and a ''concentrates gang" each working three shifts. 

Power and Water. 

Four banks of Sterling boilers generate steam at 160 pounds pressure and 
deliver it to the Curtis turbines at 155 pounds pressure. Two boilers furnish 
power enough for one section. They burn Dawson coal with 10 percent of ash 
and use a Green fuel^conomizer which delivers feed water to the boilers at 
from 200 to 250°. They deliver steam to the power plant which contains three 
1000-kilowatt units, only one of which is run at a time when but one section 
of the mill is operating. Each unit is composed of a Curtis upright 4-stage 
steam turbine manufactured by the General Electric Company. The turbine 
makes 1,800 revolutions per minute and develops a 60-cycle 6,600- volt alter- 
nating current which is stepped down to 230 volts for use at the motors. The 
General Electric Company guarantees that the turbines will not consume over 
22 pounds of steam when on half load and 21 pounds of steam when on full 
load per indicated horse-power. The exhaust steam has 75*^ of superheat and 
the condenser gives 24 inches of vacuum. An oil slip bearing is used. This 
plant runs the mill, mines, ice plant, shop, pumps, and power station. 

The following motor list applies to one section of the mill: 

One 75 horae-power motor runs .... (2), (4), and (5) 

Two 60 '* motors run (6) and (7) 

One 30 " motor runs (8) 

'One 20 " " " .... (21) 

"MO " "".... (15),(16),(17),(18),(19),(20),(30),(31), 

(34), (35), (38), and (39). (31), (35), and 
(39) actually use 88 horse-power. 
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(11) 

i\2) 

(IS), (49), (50), (51), and (33) 
(ot), ami (57), (54) and (57) actually 
use 12 liur^e-power 

(.19) . (59) actually uses 7 horae*i>oweT. 
one half of (23), (24), and (25) ;one-thinl 
of (26) and (27) ; one-half of (28), (32), 
and (30); and all of (45), (4G), and (47). 
une-half of (23), (24), and (25); two 
thirds of (2(3) and (27); one*half of 
(28), (32), and (3G); and alJ of (40), 
(41), and (42). 

(67). (07) actually uses 12 horse- 
power. To lie thi plicated when secoml 
seetion is thrown iiu 
(OS). ((>S) actually uses 7 horse-power. 
(70). Serve budi sections, 
(73). Serve both sections. 

Fifte^en hundred gallons of water per minute are recovered from the over- 
flow of 24 tanky settling tailings and 1,000 giillons of water per minute are re- 
covered from dewati^rjjig the jig tailings. There is requiretl for one section of 
the mill, in additimi to the above, 200 gallons of make-up water per minute which 
id supplied from a well by means of a pump, 

S. Mills Saving Gold, Silver, and Copper Values. 

This important group is well covered Iry Mills 161. 162, 163, 164, 165, 166, 
167, I OX, lOy, 170, 171. 172, 173, ami 174, which are scattered over six of the 
more important districts. 

ji 111)3. Mill Xu. lOL Washoe CoNrKNTRAxoR. Anaconda Copper 
MiNiNii Company, Anaconiia, Montana/" This mill has a capacity uf 
8,S0() tons per 21 hours und is divitled into eight similar .sections.*^* 

The ore consists of the economic minerals chalcocite, born it e, enargite, 
cupriferous pyrite, with small c[uaDtities of the minerals covelliti% sphalerite, 
galena, and a very little chalcopyrite in a gangue of quartz and altered granite. 
The ore is hand-picked in the mine into Jich ore which goes to the smelter, mid 
concentrating ore, which goes to the mill. The division, formerly made, into 
hard and soft concentrating ores, with a special treatment for each, has been 
given uj). Th(^ problem is to save the silver and copjix^r. \^'hife no attention 
is paifl to the lead and zini% considerable goes into the concentrates.*" 

The ores, coming from the following prt^pcrties, are tlelivered to (I): 

A, Anacon<la Copper Mining Conqiany. 

B. Washoe Copper Company, including the Wiushoe Copper Company's 
sampler in Butte wliich furnisht*s various custom ores. 

North Butte Mining ('Ompany and lied Metal Mining Company, 
Butte and Boston LVmsolidated Mining Companies. 
Parrot Silver and Copper Company. 
Trenton Mining and Development Company ♦ Formerly Colorado 

Smelting and Mining Company. 
Pittsburg and Montana Copper Company. 
La France Copper Company. 
Bin holding 25 carloads, or 1 ,250 tons, of ore. From the mines; delivers, 
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via two gates operated by compressed air, to (2). 
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2. Two shaking feeders which also serve as grizzlies. Have cast-iron bot- 
toms 0.75 inch thick with holoi? 38.1 millimeters in riiameter and slopes of 3.5 
iiches to the fuot. From (1); deliver uvPT^hc to (3) and uudersize to (6). 

3. Blake breaker with a juw oiK'ruop; 12 X 24 inches^ having ehilletUiron 
aw plates which last about 10 days and making 200 thrusts per minute. From 

(2); delivers crushed ore to (4). 

4. Two trommels, 3 X 5.67 feet, with holes 38.1 millimeters in diameter in 

Erast-iron plates 0.75 inch thick, six plates to the circumference. Have speeds 
fef 18 revolutions per miimte and slopes of 0.S8 inch to the foot. From (3j; 
*eliver overside to (5) and undersize to (0). 
5. Twf) Bluke breakers with jaw openings 5 X 15 inches, having chillc<U 
•on JAW plates which last about 14 days, making 250 thrusts per minute uiid 
reaking to 31,75 millimeters. From (4); d(4iver erushed ore to (ti). 

0. Mixing box, 3x3x4 feet, with two discharges inches above the bot- 
tom to prevent wear. From (2), (4), (5), (10), and (14); delivers oi\» to (7J. 

7. Two main elevators having 10-ply robber belts, speetls of 440 ft-et per 
piinute. inclinations of 1.25 inches to the foot, and malleable cast-iron buckt^ts, 
7 X H inches. Diameters of top pulleys 42 and of bottom pulleys 30 inches, 
i'rom (6); deliver to (S). 

^p 8. Two trommels, 3X6 feet, with holes 22.35 millimeters in diameter, 
PPIeds of 20 revolutions per minute, shapes of 0.8S inch lo the foot, and areas 
ipf 57 square feet each. From (7) ; deliver oversize to (9) antl undersize to (11). 
I 9. Two 2-compartment Harz jigs with sieves having 9-millimeter square 
punched holes to preveiit excessive blinding, Phingers make 175 2.75-inch 
Strokes per minute. From (S)^ fed with 3S.1 to 22,35-millimeter stuff; deliver 
first and second discharges, as coarse concentrates, (»ver shaking dewatering 
icreens having 7-millimeter rouml tioles and, via belt eonveyor, to two 450- 
ion bins, 14 X 20 X 22 feet, having flat bottoms, and four shallow ht>ppers 
in the bottom of each bin; each hoi>per delivers, via s}>ecial swinging gate, to 
j&ars ancl thence to smelter. Also deliver first iiud second hutches and water 
jfco (10) ami tailings to (10). 

' 10. Coarse rolls, 15 X 42 inches, making 100 revolutions per minute and 
|iavL0g Midvale steel shells, 4 inches thick, weighing 2,4S0 pounds when new* 
From (9) ; deliver erushed ore to (6). 

I IL Two trommels, 3 X 8 feet, with holes 7 millimeters in diameter, speeds 
pf 20 revolutions per minute, slopes of O.SS inch to the foot, and areas of 75 
^uare feet each. From (8); deliver oversize to (12) an<l un<lersize to (15). 

12. Four 2-eompartment Harz fine jigs with sieves having 7-nH dimeter square 
|)unched holes to prevent excessive blinding. Plungers make 175 2/25-inch 
Strokes per minute. From (Jl), fed with 22.35 to 7-mniimeter stuff; deliver 
|Brst and second discharges, as coarse concentrates, to same bins and, via similar 
Itout-f*, as in (9); first and seconil hutches to (10); antl tailings to (13). 

13. Four dewatering screens with holes S millimeters in diiimeter. From 
1(12); deliver oversize to (14) and iindersize to (10). 

i 14. Fine rolls, 15 X 42 inches, riiaking 100 revolutions per minute atid having 
llidvale steel shells, 4 inches thick, weigliing 2, 180 pounds when new. From 
tl3); deliver crushed ore to (0), 

i 15. Four trommels, 3x6 feet, having holes 5 millimeters in diameter, 

^eeds of 18 revolutions per minute, slopes of 1 inch lo the fuut and areas of 

7 square feet each. From (11); deliver oversize to (10) and undersize to (17)* 

16. Twelve 2-compartment Evans jigs with brass O-mesli, 14-wire sieves 

all compartments. Plungers make 195 F25'inch strokes per minute. From 

I), (12), (13), and (15), fed with 7 to 5-millimeter stuff; deliver concentrates 

d hutch products to taak house and tailings to (22). 
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17. Four trommels, 3 X 7.5 feet, with holes 2.5 millimeters in diameter; 
speeds of 18 revolutions per minute, slopes of 1 inch to the foot, and areas of 71 
square f<H?t each. From (15); deliver oversize to (18) and undersize to (19). 

IS. Twelve 2-<'onipartnient Evans jigs with brass G-mesh, 14-wire aeves 
in all compartments. Plung(»r« make 200 1-inch strokes per minute. From 
(17), fed with 5 to 2.5-millimeter stuff; deliver concentrates and hutch products 
to tank house and tailings to (22). 

19. Two dewatering V tanks. From (17); deliver spigots to (20) and over- 
flows to (37). 

20. Four Evans classifiers with 3 spigots each. Inclinations of 0.75 inch 
to the foot. From (ID), fed with 2.5 to 0-millimeter stuff; deliver spigots to 
(21) and overflows to (37). 

21. Twelve 2-compartment Evans jigs with plungers and sieves as follows. 
All plungers make* 205 strok(»s ix»r minute: 





Jigs on First Spigots. 


Jigs on Second Spigots. 


Jigs on Third Spigots. 


Compartments. 


Sieve. 


Length of 
Stroke. 


Sieve. 


Length of 
Stroke. 


Sie\-e. 


Lei«thof 
Strtike. 


First 


4 mesh. 14 wire 
8 •' Hi " 


1 inch 
0.76 inch 


6 mesh, 14 wire 
10 " 18 " 


0.S8 inch 
0.50 •* 


10 mesh. 18 wire 


O.Minch 


Second 


14 " 20 - 0.50 - 









From (20); deliver c()iic(»ntrates and hutch products to tank house, tailings to 
(22), and clean overflow water to (25) and (27). 

22. Two tailings dewatering V tanks. From (16), (18), and (21); deliver 
spigots to (24) and overflows to (23). 

23. Two stjuare dewatering tanks. From (22); deliver spigots to (38) and 
ov(»rfl()W water to smc^lter launder and, as hydraulic water, for the finishing jigs. 

24. One coarse-middlings (levator having a 10-ply rubber belt, a speed of 
402 feet per minute, an inclination of 1 inch to the foot, and malleable ca.'^t- 
iron ])uckets, S X K) inches. Diameter of top pulley 42 and of bottom pulley 
30 incli(\s. From (22) and (2()); d(4ivers to (25). 

25. Four trommels, 3 X <) f(M't, with 1.5-millimeter slotted holes, speinls 
of 12.5 reV(dutions per minute, slopes of 1 inch to the foot, and areas of 57 
.scjuarc feet each. From (24) with wa.^h water from (21); deliver oversize to 
(20) and undersize to (27). 

20. Two middlings rolls, 15 X 42 inches, making 125 revolutions per minute, 
crushing to 1.5 niillimeters and having Mid vale steel shells, 4 inches thick, 
weighing 2.4(S0 pounds when new. From (25); deliv(T crushed ore to (24). 

27. Four Evans ciassifuMs with 3 si)ig()ts each. Inclinations of 0.75 inch 
to the foot. From (25) with hydraulic water from (21), fed with 1.5 to 0-milli- 
meter stulT; (l(4iver spigots to (2S) and overflows to (38). 

2S. Twelv(* 3-compartment l^A'ans jigs with plungei*s and siev(»s as follows. 
All plungers make 210 strokes per minut(\ 





JiKS on First SimroLs. 


JiKs i)n St'comi SjiigtiLs. 
Si..v,. ' I^-nRlh of 


Jigs on 'Hiird 


^pigtus. 


G)miKirtment. 


Sifvc. 


U'liKth «»f 
Str..kt'. 


Sieve. 


Lrnglhjrf 
.Stri»ko 


First 


4 mt-sh. 14 wire 
« •• 14 •' 
8 " 10 " 


0.75 imh 
0.75 '• 
0.50 •• 


mesh, 14 wire 
S " Ki *• 
8 " 10 " 


0.03 inch 
O.iVi •' 
0.38 V 


10 mesh. 18 wire ! 0.03 imh 


Sfcoiul 


12 " 19 " 0.(i3 " 


Third 


12 " 19 •* 0.3S •• 









From (27); deliver concentrates to (29), hutches and middlings from side cup 
discharges of tail sieves to (30). and tailings to (33). I 
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29* One vertical concentrates elevator liaving a 10-ply mbbf r belt, a speed 
of 305 fret per mill lite, and rrudleable rast-iron biu'kets, 7 X 14 inrhes. Di- 
ameter of top pulley 3(3 and of bottom pulley 30 iiiehet^. From (28) and (36); 
delivers to tank house, 

30. One vertical line-middlings elevator having a 10-ply rubber belt, a speed 
of 461 feet per minute, and malleable east-iron buckets, 8 X 16 inches. Di- 
ameter of top pulley 42 and of bottom pulley 30 inehe:^. From (28) and (36) ; 
deliveit? to (31). 

3L Three 6-foot Huntington mills having speeds of 52 revolutions per minute^ 
steet die and roller rings^ and c iiLshing through .slotted screens with 1 X 13* 
millimeter holes. From (30); deliver pulj> to (32). 

32. Two de watering V tanks. From (31); deliver spigots to (35) and over- 
flows to (41). 

33. Two dewatering tanlcs. From (2S) ; deliver overflows to a tank on 
the table floor for wash water and smelter launder; and settlings^ via launder, 
to wa«te dump. 

34. Two dew^atering tanks. From (36) ; deliver overflows to smelter launder 
and settlings, via launtler. to waste dump. 

35. Four Evans classifiers willi 3 spigots each. Inclinations of 0.75 inch 
to the foot. From (32), fed with 1 to 0-millimeter 8tuff; delivers spigots to 
(36) and overflow's to (41). 

36. Twelve 3-eompailment Evans jigs with plungers and sieves as follow?*. 
All plungers make 215 strokes per minute. 





Ji«» on First Spiiots. 


Jigh on Secund Spigots, i 


Jigs on Third Spigots. 


Cuoipanment. 


< SUtw. 


LcDglh of 


Swvc. 


Length of 




LrngtlKif 
Stroke. 


Ftot..«, 


6m»h, 14 wire 
8 " Itt ■' 
8 " 16 " 


0.&9 brh 
rj.ivo " 


8 mesh, Iff wire 
10 '* IH " 
10 " m " 


OJHI inch 
0.00 *' 


13 mesh. 19 wrirc 
12 •" 19 " 
n " 19 " 


tiM imh 


SmTW*....,.rTTT- 


QM " 


T^ird 


0,5*1 ** 







From (35); deliver concentrates to (29); hutches and middlings from side cup 
discharges of tail sieves to (30)^ and tailings to (34), 

37. Seven dewatering V tanks. Each tank has a capacity of 176 cubic feet 
and a settling area of 75 square feet. From (19) anti (20); deliver spigots to 
(39) and overflow's to (48). 

38. Seven dewatering V tanks. Each tank like those in (37), From (23) 
and (27); deliver .spigots to (40) and (13), and overllows to (4S), 

39. Eleven Wilfley tables making 240 strokes per minute. From (37); 
deliver concentrates, via launder^ to (47 1; middlings to (41); sUm(\s to (42); 
antl tailing.s, via launder, to waste tlump. 

40. Six Willley tables making 240 strokes per minute. From (3»S); deliver 
eoneentrates, via launder^ to (47); middlings to (41) ; slimes to (42); and tailings, 
via launder, to wiuste dump. 

41- Se'Ven dewatering V tanks. Each tank is like those in (37), From 
(32), (35), (39), (40), and (45): deliver spigots to (43) and overflows to (48). 

42. One square, center-feed, peripheral-overflow tank, 10 X 10 X 10 feet. 
This serves to keep the finer portion of the mitldJings from going to the .slimes 
poncb, and catches these finer middlings for concentration. From (39), (40), 
and (46); delivers spigot to (44) and overflow to (4S). 

43. Fifteen Wilfley tables making 240 strokes per minute. From (38) 
and (41); deliver concentrates, via launder, to (47); middlings to (45); slimea 
to (46); and tailings^ via launtler, to waste dump. 
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44, One Wilfley table making 240 strokes per minute. From (42) ; deliv€is 
concentnites, via Iaiin(k*r^ to (47) ; middlings t43 (45) ; slimes to (46) ; and tailings, 
via lauadcT^ to waste dump, 

45. One finc-niiddlings elevator having a 7-ply rubber belt, a speed of 21*3 
feet per minute, an inclination of L25 inches to the foot, and malleable ca^t- 
iron buckets, 6X8 inches. Diameters of top and bottom puUeys 24 inch€«. 
From (43) and (44); delivers to (41). 

40. One Pohle air-lift pump which serves two sections. From (43) and (44); 
deliv^ers to (42). 

47. One fine-concentrates elevator having a 10-ply rubber belt, a speed of 
461 feet per minute, an inclinatiun of 1/J5 inclies to the foot, and malleable cast- 
iron buckets, 7 X 14 inches. Dinmetrr of lop pulley 36 and of bottom pulley 
24 inches. From (3*J), (40), (43), and (14); iUiivers'^to tank house. 

4H. Slinie.^ Hume winch nerves eight sections. From (37), (38), (41), and 
(42); ilelivers to slimes ponds. 

Note. — The Old Knglish gauge is used for the size of all wires in this mill. 

Slimes Ponds for Eight ^Sections. 

The slimes from (48) pass into aix ponds, through each pond lengthwise and 
to waste. Each pond is apprnximntely 301) feet wiiie, 600 feet long, and 14 
feet deep. After a pond is filled with slimes, it is allowed to dry for about 3 
months, and is then excavateil by means of cable dredges. The slimes arc 
formed into briquettes with a certidn amount of flue concentrates and smelted 
in the blast furnaces. 

Tank House. 

In the tank house^ for each section there are 6 bins, each 19 X 19 and 12 
feet deep, ehargetl at one time, and overHnwing into 3 other bins, in parallel, 
each 19 X 19 and 11 feet deep. Each of the iibove bins has a flat bottom and 
has four shallow hoppers and gates which discharge them, via cars, to the smelter. 
The oversows of the last three bins, fcjr four sections eondjincd, flow into ihi^ee 
bins, each 19 X ♦iO and 10 f(*et deep^ thither two or three of these operating in 
parallel, depending on the necessities of emptying, and each is fitted with 12 
shallow hupptu's and gates wliich discharge the bins, via ears, to the smelt-er. 
The discharge of the bins is assisted by pushing O.o-inch pipes into the material, 
the pipes being connected by hose to 17 pounds of air pressure. This eaves 
a great deal of hard shoveling. All these bins are well tied, horizontally, by 
1 /25-inch rods. 

Water. 

Fresh water comes to the mill from the main flume and amt*unts to about 
21 tons per ton of ore milled. Tlie fresh water is forced to the top floor of the 
mill by a lotary pump and supplies, in each section, six liara jigs, eight trommels, 
and the crushers. Fresh water is also supplied for hydraulic %vater on Evans 
jigs (16), Evans jigs (28), and classifiers (35). 

Power. 

Three hundrecl and forty horse-power delivered to the main shaft ia required 
to drive one section. 

CapaciUj. 

The average ore treated per 24 hours is about 1 JOO tons per section. Dur- 
ing the 24 hours there are stops of short duration to examine the crushers and 
rolls; these stops are not considered in estimating the 24-hour tonnage. One 
section is idle on the morning shift, 8 hours, for repairs to crushers, elevatora, 
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etc. This time is also omitted in estimating the daily tonnage; as is any period 
when there is a shortage of ore or water. 

Shifts, Labor, and Wages, 

The mill runs 3 shifts a day, 7 days a week. Fourteen men are required 
per section, per shift, and the wages range between $3 and $3.50 per 8-hour 
shift. 

Table Department, 

There are 14 settling tanks on the upper floor arranged in two tiers, and 
7 on the lower floor in one tier; except sections 3 and 6 which have 16 and 8 
on the respective floors. 

There are 17 Wilfley tables on the upper and 16 on the lower floors per sec- 
tion; except sections 3 and 6, which have 18 and 17 on the respective floors. 

The slope of all floors is 1.75 inches to the foot. Square feet of table sur- 
face per section, 2,904. 

Jig Department, 

The following is the square feet of jig and screen surface of each depart- 
ment. (By jig surface is meant the sieve area and by screen surface the area 
of trommels.) 



Department. 


Crusher. 


Jigs. 


Middlings. 


Re-grinding. 


Total. 


Jig surface in square feet 


66.76 
374.00 


421.65 
612.00 


210.65 
228.00 


210.66 


909 60 


ocreen surface in square feet 


1.114.00 









§ 1494. Mill No. 162. Boston and Montana Consolidated Copper 
AND Silver Mining Company, Great Falls, Montana.*" — The mill has 6 
sections, and 2 middlings departments, each to handle the middlings from 3 
sections of the main mill.*** The total capacity of the mill is 3,000 tons per 24 
hours, 500 tons per section. The mill runs 24 hours a day 7 days a week, on 
ore from the company's mines located at Butte, 171 miles distant. The ore 
is brought to the works by the Great Northern Railroad in bottom-dumping 
ears of 50 tons capacity." 

In mining the ore two classes are made, one for smelting, and the other for 
concentrating. The ore consists of the following minerals in a gangue of quartz, 
and partially decomposed granite: pyrite, chalcocite, enargite, bornite, covel- 
lite, chalcopyrite, tetrahedrite, tennantite, galena, sphalerite, and a telluride (in 
form not determined). 

Variations in the grade of the ore occur from month to month, depending 
upon the relative quantities shipped from the several shafts, but analyses 
following the description of the mill will give some idea of the work done in 
concentrating. 

The physical condition of the ore as it is received by the mill is shown in 
the following summary of tests on carload lots from the four most important 
mines of the company: *•* (See Table 547). See also Table 548 which gives 
aiialyses of ore, concentrates, and tailings. 
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SUMMARY OP HAND-60RTING TESTS ON SECOND-CLASS ORB AT 

MILL 162. 





1 ^ 


B. 


C. 


D. 




PteroBot 
SolW, 


Copper 
Assay. 


Pefccni 
Capper. 


Permit 


Cxjpper 
Assay, 


Gipiwr 


Solid, ' 


Copper 
Assay, 


Percent 
Copper. 


Pwtjeoi 

Solid. 


Copixc 


Cop|«^. 


OriginiJore 

Over L75uich 

Throutfh 1.75^ 

•.iti 

■'T 

on 1 milkimeter 

rouml h'-^c 
Through I milli- 

mciet nmnd 

bcOc 

Throitth 30O 


100.00 

6,00 

SIM 

30.24 
12.00 


5,77 

4.211 
4.00 


lOO.OO 

14.fiO 

7.58 
50 34 
27.58 


100.00 
45,71 

J0,20 

»4,10 

8.91 
3.94 


2.73 

3,13 

7M\ 
9.40 


lOOiJO 
81,30 

8.10 
41J0 


100 00 
34.53 

10.03 

38.4S 

mM 
10,18 


4,12 
4.35 

2.87 
4.16 

435 

440 


100,00 
3«t,40 

7.40 
3a.»0 
17.30 


100 00 
2S^ 

12.82 

42,65 

19.28 
10.75 


3,43 
3.83 

1.96 

3.51 1 

3,70 
2^ 


lOOilO 
28JiQ 

7.W 
43 lU) 
90 JQ 



Over L75-indi Gruxley — H*iid Pltyog — BaMd on OriKlnaJ Ore. 



First cbu 

Second cLiss . 



3.84 
7,95 



14.70 
1,47 



12.01 
2,4y 



2.79 

rim 



1043 



7.30 12,37 
24,00 22.1)1 



9.20 27,00 
\M S.BO 



3,55 111,03 
21-70 1.83 



Conccntmlijr. 

1. Six storage bins with a total capacity of 14,600 tons. From railroad 
cars; deliver, via gates and chutes, to (2). 

2. Six ore-feed bins with a total rapacity of 7,600 ton.s. BVoni (I) ; deliver, 
via gates and ehutes, to (3). 

Since all sections are nearly alike the author will describe only the sixth, 
noting dififerences in other sections as they are met. 

Sixth Seciian, 

3. Two automatic ore-feeders. From (2); deliver, via chutes, to (4). 

4. Two ^rizziies with 3HJ-miUimeter spaces between the bars. From (3); 
deliver oversize to (5) and underisize to (9). 

5. Two 2-foot picking belts witli cunveyinir lengtlis of !S feet and speeds 
of 50 feet per minute. From (4) ; deliver r»re to ((>) ami high-grade ore to the 
smelter. 

6. One co!trsc Blake breaker with a jaw opening, 10 X 20 inches, and mak- 
ing 270 thrusts per minute. From (5); delivers crushed ore to (7). 

7. Two cast-iron trommels, 3X4 feet, having cored Imlea USA millimeters 
in diameter^ speetls of 12 revolutions per minute, and slopes of 3 inchei^ to the 
foot. From {6); df4iver oversize to (S) and undersize to (9). 

8. Two fnie Bfake breakers with jaw openings 5 X I- inches, and making 
300 thrusts per minute. From (7); de'Iiver erushetl ore to (il), 

9. Two 12-ineh coarse-crushing elevators made of S-ply rub!ier belting and 
having speeds of 34r> feet per minute, MiiUeable-iron buckets, 6X11 inches, 
spaced 12 inches apaH. Capacity 4tJ0 tons per 24 htjurs. From (4), (7)» (8), 
(16), and (20); deliver to (10). 

10. Two trommels. 3X6 feet, having round punched holes 22.2 millimeters 
in diameter, speeds of 20 revolutions per minute, and slopes of 2 inches to the 
foot. From (9); deliver oversize to (15) and undersize to (11). 
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11. Two trommels, 3X6 feet, having mnml punched holes 8 millimeters 
in ditLOieter, speeds of 16 revolutions per niiniite, ami slopes of L5 inches to the 
foot. From (10): deliver oversize to (17) and undersize to (12). 

12. Mixing box, marie of 2-iiirh plank, 5 feet long, 2>5 feet wideband 3 feet 
deep, inside measurem<'ntH» From (11); delivers to (13). 

13. Two trommels, 3 X (> feet, having round punched holes 5 millimeters 
in diameter, np^'cds of IS revolutions pi-r minute, and slopes of 1.25 inches to 
the foot. From (12); deliver oversize to (21) and un<lersize to (14). 

11. Two tronunels, 3X6 feet, having rovmd punrhetl holes 2..^ millimeters 
in diameter, speeds of IS revolutions prr minute, and slopes oi 1 inch to the 
foot. From (13); deliver oversize to (22) and undersize to (28). 

15. Two llarz Indl jigs with 1 eornpartment each. Sieves arc 24.5 X 42,25 
inches with (1.31-inch s([uare punchcfl holes. Plungers make ISO 2.5-inch 
strokes p<*r minute. From (10), fed with 3S.1 to 22.2-millimeter stuff; deliver 
cup discharges to (lS)j hutch products to (17), aufl tailings to (16), 

16. One pair coarse rolls, 15 X 2S inches, having cast-iron shells 4 inches 
thick and a speed of 190 revolutions per minute. From (15); delivei' crushed 
prodtn*t to (IJ). 

17. Two Harz jig.s with 2 compartments each. Sieves are 26 X 36 inches 
with 0.25-inch square punched holes. Plungers make ISO 2-inch strokes per 
minute. From (11) ami (15), U^d with 22.2 to .S-millimeter stuff; deliver first 
and second cup discharges to (IS), first and second hutch producta to (21), 
and taihngs to (20). 

18. Fifteen-inch coar.se-<*oncent rates elevator with a 10-ply rubber belt, 
having a speed of 345 feet per minute. Malleable-iron buckets, 6X11 inches, 
spaced 12 inches apart. Capacity 170 tons per 24 hours. From (lo)^ (17), 
(21), and (22); delivers, via launder on top of building, to (19); or if (19) is 
ftdl, via second launder on top of building, to (60). 

19. Two coarse-concentrates l>ins with a total rapacity of 500 tons. From 
(18); deliver coarse concentrates to blast-furnace charging ears, via gate and 
chute, and drained water to (66). 

20. One pair fine rolls, 15 X 28 inches, having chilled-steel shells 4 inches 
thick and a speed of 180 revohitions per minute. From (17); deliver crushed 
product to (9). 

21. Eight Evans jigs with 2 compartments each. Sieves are brass cloth, 
20.25 X 40.025 inches, S meshes to the inch. Plungers make 195 F25-inch 
strokes per minute. From (13) and (17), fed with S to 5-milIimeter stuff 
through a launtler; deli\^er first and second rup <lischarges to (IS); first and 
second hutch products, via laundei-, to (40); and tailings, via launder, to (23). 

22. Eight PI vans jigs with 2 cninpartmcnts eaeh. Sieves are brass cloth, 
20.25 X 40.625 iuchr^s, S meshes to the inch. Plungers nuike 105 1-inch strokes 
per minute. From (11), fed with 5 to 2.5-millimeter stuff through a launder; 
deliver first and second cup clischarges to (IS), first and second hutch products, 
via launder, to (40), and tailings, via launder, to (23). 

23. Middlings-settling and dewatering tank, under the floor. From (21) and 
(22); dehvers overflow to (24) and sjiigot to (25). 

24. Dewatering-scrcen tank. From (23) ; delivers overflow to (44) ; screened 
water, piped out for wash water, to (36) ; and slimes settlings, by spigot, via 
launder, to (45). 

25. Fifteen-inch nu'ddlings elevator with a 10-ply rubber belt having a 
speed of 500 feet per nnnute and mallealde-iron buckets, S X 14 inches, spaced 
12 inches apart. Capacity 350 tons per 24 hours. From (23) and (27); de- 
livers to (26). 

26. Two trommels, 3X6 feet, havmg round punched holes 2.5 millimeters 
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in diameter, speeds of 20 revolutions per minute, and slopes of 1 inch to the 
foot. From (25); deliver oversize to (27) and undersize to (31). 

27. One pair middlings finishing-rolls, 15 X 28 inches, having chilled-steel 
shells 4 inches thick and a speed of 120 revolutions per minute. From (26); 
deliver crushed product to (25). 

2S. Settling and dewatering box. From (14); delivers overflow to (33) 
and spigot to (29). 

29. Two Evans hydraulic classifiers with 4 spigots each. From (28), fed 
with 2.5 to 0-millimeter stuff; deliver spigots to (30) and overflows to (3*). 

30. Eight Evans jigs with 2 compartments each. Sieves are brass cloth, 
20.25 X 10.625 inches, head sieves 8, and tail sieves 18 meshes to the inch. 
The plungers make 200 strokes per minute, having lengths in the first com- 
partments of 0.75 inch and in the second compartments of 0.375 inch. From 
(29) ; deliver second cup discharges, via launder, to (45) ; first hutch products 
of 8 jigs and second hutch products of 6 middle jigs, via launder, to (40); 
second hutch products of last jigs, via launder, to (34); water over end of 
four middle jigs to (31) for hydraulic purposes; and remaining water and tail- 
ings to (44). 

31. Two Evans hydraulic classifiers with 4 spigots each. From (26) and 
w^ater from (30), fed with 2.5 to 0-millimeter stuff; deliver spigots to (32) and 
overflows to (35). 

32. Eight Evans jigs with 2 compartments each. Sieves are brass cloth, 
20.25 X 40.625 inches, head sieves 8 and tail sieves 20 meshes to the inch. 
The plungers make 225 strokes per minute, having lengths in the first compart- 
ments of 0.75 inch and in the second compartments of 0.375 inch. From (31); 
deliver second discharges, via launder, to (45) ; first and second hutch products, 
via launder, to (39) ; water from four middle jigs and tailings from last four 
jigs to (44). 

33. F(K\\ tank for Wilfley tables. From (28); delivers spigots to (36) and 
overflow to (43) or (60). 

34. Four feed tanks for WMvy tables. From (29), (30), and (59); deliver 
spigots to (36) and overflows to (43) or (60). 

35. Three feed tanks for Wilfley tables. From (31); deliver spigots to (5S) 
and overflows to (43) or (60). 

36. Eleven Wilfley tablets making 240 strokes per minute, having lengths 
for coarse feed of 0.75 inch and for fine feed of 0.375 inch. From (33), (34), 
and wash water from (24); deliver concentrates to (39), middlings anrl slimes 
to (37), and tnilings to (44). 

37. Two f(H'd tanks for vaniu^rs. From (36); deliver spigots to (38) and 
overflows to (43) or (60). 

3S. Tw(4ve 4-foot Frue vanners, 12 feet long, making 200 1-inch strokes 
per minute. From (37); deliver concentrates to (39) and tailings to (44). 

39. Fifteen-inch fine-concentrates elevator with a 10-ply rubber belt having 
a spt^ed of 470 feet per minute, and malleable-iron buckets spaced 12 inches 
apart. Capacity 150 tons per 24 hours. F>om (32), (36), and (38) ; delivers 
concentrates to (40). 

40. Sixteen fine-concentrates bins, 4 s(M'ies of 4 each with but 8 in use at 
one time. From (21), (22), (30), (39), and (65); deliver settlings, via bottom 
gates, to (42) and overflows to (41). 

41. vSixtet^n side tanks, 4 series of 4 each. From (40); deliver settlings, 
intermittently via shovels, to (42) and overflows to (44). 

42. Concentrates-storage tanks. From (40) and (41); deliver concentrates, 
via gates and chutes, to railroad bottom-dump cars. 

43. Two slimes-settling tanks, only one used at a time. From (33), (34), 
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(35), and (37); deliver settlings, periodically via shovels, to railroad cars and 
overflows to (44). 

44. Tail race. From (24), (30), (32), (36), (38), (41), (43), (48), (51), (53), 
(55), (57), and (67); delivers to river. 

Middlings Department. Three Sections United, 

45. Two 15-inch middlings elevators with 10-ply rubber belts having speeds 
of 518 feet per minute and malleable-iron buckets, 8 X 14 inches, spaced 12 
inches apart. Capacity 270 tons each per 24 hours. From (24), (30), (32), 
(54), and (55); deliver to (46). 

46. Feed tanks. From (45); deliver spigots to (47) and overflows to (48). 

47. Plight 5-foot Huntington mills making 65 revolutions per minute and 
each having 5 screens, 9 X 31 inches, with punched slotted-holes 1.25 X 12 
millimeters. Onlv 6 in use at one time and 2 spares. From (46)', deliver pulp 
to (49). 

48. Four tanks under the floor. From (46) ; deliver spigots to (54) and over- 
flows to (44). 

49. Four settling and dewatering boxes. From (47); deliver spigots to 
(50) and (52) and overflows to (57). 

50. Seven Evans hydraulic classifiers with 4 spigots each. From (49), fed 
with 1.25 to 0-millimeter stuff; deliver spigots to (51) and overflows to (57). 

51. Twenty-eight Evans jigs with 3 compartments each. Sieves are brass 
cloth, 20.25 X 40.625 inches, 8 to 20 meshes to the inch. The plungers make 
210 strokes per minute of the following lengths in inches. 



Jig Number. 


Head Sieves. 


Middle Sieves. 


Tail Sieves. 


1 
2 
3 

4 


0.G25 
0.44 
0.375 
0.25 


0.562 
0.376 
0.31 
0.19 


0.50 
0.31 
0.25 
0.19 



From (50) and (59) ; deliver third cup discharges, from first two jigs of each 
separator, to (54) ; all first hutch products to (56) ; second hutch products, from 
jigjs one, two, and three, to (56) ; second hutch products from jigs four, to (54); 
third hutch products, from jigs one and two, to (56); third hutch products, 
from jigs three and four, to (54); and all tailings to (44). 

52. Three Evans hydraulic classifiers with 2 spigots each. From (49), 
fed with 1.25 to O-millimetcr stuff; deliver spigots to (53) and overflows to (57). 

53. Six Evans jigs w^ith 3 compartments each. Sieves are brass cloth, 
20.25 X 40.625 inches, S to 20 meshes to the inch. The plungers make 210 
strokes per minute having lengths like those in (51). From (52); deliver third 
cup discharges, from first jigs, to (54) ; all first, second, and third hutch products, 
from first jigs, to (56); third hutch products from second jigs, to (54); and all 

. tailings to (44). 

54. Settling and dewatering tank. From (48), (51), and (53); delivers 
spigots to (45) and overflow to (55). 

55. Settling and dewatering tank. From (54); delivers settlings to (45) 
and overflow to (44). 

56. Fifteen-inch fine-concentrates elevator with a 10-ply rubber belt having 
a speed of 470 feet per minute* and malleable-iron buckets spaced 12 inches 
apart. From (51) and (53); delivers concentrates to (40). 

57. Six V-shaped settling tanks. From (49), (50), and (52); deliver spigots 
to (58) and overflows to (44). 

58. Fifteen-inch slimes elevator with a 10-ply rubber belt having a speed of 
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471 ft^c^t per minute and niallcahle-iron buckets, 8 X 14 inches, spaced 12 inchiti] 
apart. Cupucity IM ti>n9 per 24 hours. From (3')) and (57); delivers to (oO). 1 

59. Two trctiMnirl.s, 3 X <i feet, havhi^ round punched holes 2 millimeters I 
in diiimeter, speeds of 20 revolutions per minute, and slopes of 1.25 incheji to I 
the foot. From (58); deliver oversize to (51) and uaderjsize, which is dividd] 
among 3 sections, to (34). J 

tSlimes Plant. I 

60. Thirty 8-foot Callow tanks ^ having 60° slopes and made of No. 14 sheet | 
8teeL From (33), (34), (35), and (37); deliver spigots to (61) and overflows I 
to the river. I 

61. Tank. From (60); delivei-s to (62). | 

62. Centrifuijid pump. From (01); delivers to (63). 1 
6i3. Sixteen h^vans round tables, J 7 feet in diameter, making 3 revolutiona 

in 5 minutes, and having stopes of 1.25 to 1.50 inches to the foot. The decb 
of iS are made of wood, 4 of linoleum , and 4 of cement. From (62); deUver 
concentrates to (t54) and taiHngs to the river. 

64. Tank. From {(J3); delivers to (65). 

65. Centrifugai pump. From (64); delivers to (40), 

Auxiliary Coarse-Concentraks Tanks. 

66. Sixteen coai^se-concentrates settling tanks, 4 series of 4 tanks each, 
only S used at a time. From (IS) and (19); deli%^cr settlings, via bottom gate^, 
to (GS) and overflows to (67). 

67. Sixteen side tanks, 4 series of 4 each. From (66) ; deliver settlings 
periodically, via shovels, to (68) and overflows to (44). 

{jS. Concent rat e.s-sto rage tanks. From (tiO) and (67); deliver concentrates, 
via gates and chutes, to railroad bottom-dump cars. 

Sections Nos. 1 and 2 differ from Section No. 6 as follows : 

3* Omit. Feeding done by hand. 

5. Omit. No hand picking. 

Two trommels luiving punched holes 2.5 millimeters in diameter insteJ 
of 5 nullimeters in diameter, in order to obtain mill height sufficient to feed 
through 8 on 2.5-millimeter stuff, to (69). From (12); deUver oversize to (69) 
and undersize to (28), 

14. Omit, 

21. Omit. 

22. Omit. 

23. One middlings -settling and dewatering tank under the floor. From (69); 
delivers spigot to (25) and overflow to (24). 

28. Settling and dewatering box. From (13); delivers spigot to (29) and 
overflow to (31). 

34. Three feed tanks for WUfiey tables. From (28), (29), (30), (59), and 
(69); deliver sijigots to (36) luid overflow's to (43) or (60). 

69. One Hancock jig which is a continuous movable-sieve power jig. The 
box, which is 3.5 feet w^ide and 24 feet long (inside dimensions), is divided into 
6 compartments and has, at the tailing end, an adjustable slimes outlet. The 
sieve extends over 5 of these compartments and discharges its tailings into 
the nixth. The sieve is 2.42 X 18J9 feet (active area). Plunger makes 185 
0.375-inch strokes per minute. The first compartment has a sieve with holes 
5 millimeters in diameter, the second and third compartments have sieves with 
holes S mdlimeters in diameter, and the fourth and hfth compartments have 
sieves with holes 12,7 millimeters in diameter. This jig replaces (21) and (22) 
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in 2 sections; that is, it does the work of 32 2-compartment Evans jigs. From 
(13) and (70), fed with 8 to 2.o-millimeter stuff; delivers first, second, and third 
hutches to (18) ; fourth hutch to (70) ; fifth and sixth hutches to (23) ; and over- 
flow slimy water to (34). 

70. Ten-inch elevator with an 8-ply rubber belt having a speed of 435 feet 
per minute and malleable-iron buckets, 5X8 inches, set 12 inches apart. 
Capacity 50 tons per 24 hours. From (69); delivers to (69) or, if quality of 
product warrants it, to (18). 

Section No. 3 differs from Section No, 6 as follows: 

3. Omit. Feeding done by hand. 
5. Omit. No hand picking. 

33. Omit. Then,— 

28. Settling and dewatering box. From (14) ; delivers spigot to (29) and 
overflow to (34). 

34. Three feed tanks for Wilfley tables. From (28), (29), (30), and (59) 
deliver spigots to (36) and overflows to (43) or (60). 

35. Two feed tanks for Wilfley tables. From (31); deliver spigots to (36) 
and overflows to (43) or (60). 

Machinery for hand-picking the ore in sections 1, 2, and 3 has not been 
installed on account of the crowded condition of the mill and the difficulty of 
its installation. 

The middlings department for sections Nos. 1, 2, and 3 differs from the 
middlings department for sections Nos. 4, 5, and 6 in that Harz 3-compart- 
ment jigs are used instead of Evans 3-compartment jigs. 



TABLE 548. — ANALYSIS OF ORE, CONCENTRATES 


, AND TAILINGS. 


MILL 


162. 




Percent 


Oz. per Ton. 


Percent. 




Copper. 


Silver. 


Gold. 


Silica. 


Iron. 


Sulphur. 


Alumina. 


Ume. 


Crude ore 


3.40 
10.03 


1.19 

3.28 

2.69 
0.88 

2.76 


0.008 

0.019 

0.021 
0.004 

0.019 


56.5 

26.7 

18.0 
58.4 

23.3 

77.7 


10.4 

24.2 

29.8 
2.8 

26.4 
1.8 


12.7 

30.9 

36.8 
3.6 

32.9 
1.7 


11.5 

4.8 

4.8 
22.5 

5.9 
12.4 


0.15 


A — Coarse concentrates from (15). (17), (21), 
and (22) 


0.10 


B — Fine concentrates from (21), (22), (30). (32), 
(36), (38), (51). (53). and (63) 


7.57 
2.31 

8.01 
0.66 


0.10 


C — Slimes, settlings in (43) 

Total concentrates and slimes, average by weight 
of A B, and C 


0.20 
0.10 


Tailings 


0.23 


0.002 


0.10 



1 Ton Crude » 0.3523 Ton Concentrate, or 2.84 tons into 1. 
Loss in Copper, 16.9 percent. 
Loss in Silver, 17.94 percent. 

Power. 

In June, 1906, under similar conditions as above described, except that 
the middlings section was running 11 more Evans jigs than at present, the sec- 
tion outlined above and one-third of the middlings section, while milling ore 
at the rate of 45S tons per 24 hours, indicated LS4.4 horse-power on a 6-hour 
and 40 minutes test. This is a net value and does not include any portion of 
the belt and shaft friction in the middlings section or the main line shaft. The 
belts and shaftings in the three sections indicated 76 horse-power. These 
results were obtained by indicating a single 34 X 60-inch non-condensing Cor- 
liss engine. 

The following figures were also obtained : With three sections and one mid- 
dling section running, while milling ore at the rate of 1,374 tons per 24 hours, 
the indicated horse-power was 612.3. 



ORE DRESSIXO. 



Mill l&X HI 



I 



Indicutiid horse-power per ton of ore per 24 hours 0.45 1 

Percent of total iiuUcatcd horse-power to drive engine, ropes, I 

shafting, and belting 27.70 perceot I 

Engine and rypen ir>.30 ** I 

Shafting and behing 12.40 '' I 

Perc€*nt of total power delivered to main line shaft to drive I 

shafting and belting 14,60 *' I 

Power for the mill is develo|x*d by two 44-mch turbines, w^orking under s 
head of 42 feet, and transmitted by rope drive about 1,000 feet in length, having 
one right-angled turn. The wheels register 1,350 horse-power in driving ibr ' 
concentrator machineiy. I 

Water. I 

The water is supplied by two Root rotar>^ pumps rated at 11,000 gallam 
each per minute at full speed, and without allowance for slip. For 3,000 toa^ 
daily capacity of the mill, 17,000 gallons are required per minute, or about 
25,000,(H>U gallons per day — about 8,300 gallons per ton of ore treated. This 
supply has to be pumjied to a height of SS feet and the power is fumisihed by 
a 3D-inch turbine, running under a head of 42 feet. 

Eniployed in the whole mill thrive are 19H men in 24 hours and the averag*^ 
rate is $3.1*i jyvr day of 8 hours. This includes earpentei's, machinists^ an<i 
other men engaged in repairs. 

g 1105. Mill No. Iti;]. Slimes Department of Basin Reduction Com- 
pany, Basix, Montana,*^* — Eighty 8-foot Rdlow settling tanky -• receive the 
overflow from the WilHey feed tanki? in the main mill and the muddy water 
from the l)ack end of all Wilfieys. The overflow from the Callow tanks goes to 
waste and the thiekened pulp goes to a centrifugal pump which lift^ it to a 
distributing box feeding Willley tat>lc*s. The W'ilfieys make two products; 
concentrates which are .shipped to the f^melter and tailings which go to waste 
dump via launder. A portion of the overflow from the Callow tanks is lifted 
by a centrifugd pump anil used as wash wiiter on the Wilfleys. A spare cen- 
trifugal pump is held in reserve to handle either the thickened pulp or water 
as necessity may demand. 

In July, IDOo, (K) Callow settling tanks saved 73,000 pounds of copper and 
3,500 ounces of silver which was formerly going to waste. With more tables 
and a thicker pulp Mr. Callow anticipated a saving of 1 00 ^000 pounds of copper 
per month or ^,7i}% of all the copper sldpped from this plant in the form of 
concentrates. He found, as a ruk\ that the values in these water^^ overflows 
on Butte ores represent from 8 to 10% of the values in the crude ore treated 
and also 8 to 10 -'^ of the weight. He expects to bring down the overflow to 
7 or 8 grams of solid per gallon of water. In the thickened pulp there are about 
400 grams of solid per gallon which is sufficiently thick for Wilfley work, but 
when using vanners a pulp running 800 or 900 grams per gallon should be 
used. 

The temperature of the water makes a big difference in the results. The 
warmer the water, the better the work. 

In Deeendyer, l!>0o, this plant saved over 80,000 pounds of copper from a 
feed of 2,000 gallons of slime water per minute which is delivered from a mill 
treating 1XK)0 ttins per day. Mr, Callow mnkes the positive statement that he 
can save half of th(^ values that were being lost in the sUmeiJ. Table 549 shows 
what is being accomplished by the Callow tanka^ 
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TABLE 549. — SLIME-WATER MEASUREMENTS AT BASIN REDUCTION COMPANY'S 

PLANT. 



• 


Gallons 

per 
Minute. 


Grams 

per 
Gallon. 


Tons per 
Day. 


Assays. 


Total Contents 
24 Hours. 


Description. 


Percent 
Copper. 


Ounces 
Silver. 


Pounds 
Copper. 


Ounces of 

Silver per 

Ton. 


Supply 


1,792.7 

1,495.0 

297.5 

1,792.5 


41.15 

16.25 

154.50 


117.16 
38.45 
73.13 

111.58 


2.800 
1.815 
3.500 


2.81 
2.36 
3.34 


6.559 
1.394 
5,106 
6,500 


329 




90.8 


Settlings 


244 3 


Total 


335.1 













Note. — 57 Callow settling tanks in use 31.4 gallons per minute supi^y per tank. 

30 Wiltley tables 5.2 gallons per minute settlings per tank. 

Ratio, 6.03-1. 
Recovery by tanks: 62.5 percent of the solids, 77.75 percent of the copper, and 74.25 percent of the silver. 

§ 1496. Mill No. 164. Butte Reduction Works, Butte, Montana. — 
This mill has a capacity of 500 tons per 24 hours, treats only custom ores.**' 
The economic minerals of the district are chalcocite, bomite, chalcopyrite, 
pyrit«, sphalerite, and some gold and silver values. The gangue is quartz 
and decomposed feldspar. The problem is to save the copper, gold, and 
silver. 

Ore from railroad cars goes to (1). 

1. Crude-ore bins. From railroad cars; deliver, via chutes, to (2). 

2. Pan conveyor. From (1); delivers under (3). 

3. Magnet No. 1. Comes within 1 inch of the ore and uses direct current 
of 8 amperes and 110 volts. From (2); delivers hammer heads, pick points, 
etc., to scrap heap and scrap-iron free ore to (4). 

4. Grizzly with 2-inch spaces. From (3) ; delivers oversize to (5) and under- 
size to (6). 

5. Blake breaker with a 15 X 24-inch jaw opening. From (4); delivers 
crushed ore to (6). 

6. P]levator. From (4) and (5) ; delivers to (7). 

7. Wood separator which is a long coarse trommel to take out chips, wedges, 
handles, and other pieces of wood. ' From (6) ; delivers waste wood to dump 
and cleaned ore to (8). 

8. Magnet No. 2. Uses direct current of 8 amperes and 110 volts. From 
(7) ; delivers spikes, nails, screws, and even the smallest pieces of steel to scrap 
heap, and clean ore to (9). 

9. Trommel with 2-inch holes. From (8) and (11) ; delivers oversize to (10) 
and undersize to (12). 

10. Blake breaker with a 9 X 15-inch jaw opening. From (9); delivers 
crushed ore to (11). 

11. Elevator. From (10); delivers to (9). 

12. Trommel with 1.25-inch holes. From (9); delivers oversize to (13) 
and undersize to (14). 

13. One 2-inch Woodbury bull jig. From (12); delivers concentrates to 
(36) and tailings to (17). 

14. Trommel with 0.5625-inch holes. From (12) ; delivers oversize to (15) 
and undersize to (16). 

15. One 1.25-inch Woodbury bull jig. From (14); delivers concentrates 
to (36) and tailings to (17). 

16. Trommel with holes 3 millimeters in diameter. From (14); delivers 
oversize to (23) and undersize to (27). 

17. Elevator. From (13), (15), (19), and (21); delivers to (18). 
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IS. Tmrnmel with L2rMnch hok^s. From (17); delivers ovcreizc to {m 

unci uiHl(*rsizo tn (2U). i 

VJ. BIrtko brtaker with a 9 X 15-inch jaw opening. From (18); deliveig 

rruslu'cl ore to (17). 

20. Troiuni(*l witli 0.562r)Hnt'h holes. From (IS); delivers oversize to (21) 
and uudersize to (22). | 

21. Coui-we njlb, 10 X 30 iiidies. From (20); ilcliver erusheil ore to (17)J 

22. Trommel with holes 3 niillinjeter8 in diameter. From (20) ; deli^i3!fi| 
oversize to (Zi) and undersize to (27). | 

23. Two 0.0023-iiii h 2-('c)mpurtment jigs. From (16) iind (22); dclivo) 
concent nites to (36) und liijlin^s to (21), j 

24. Elevator. From (23) and (20); delivers to (25). 

25. Two tronunidH with holes 3 millimetcri^ in diameter. From (24); (M 
liver oversize to (20) and underside to (27). i 

26. Two sets of fine rollsi 16 X 30 ijichey. From (25); deliver crushed oil 
to (24). I 

27. Collecting tank. iM'om (16), (22), and (25); delivei^ to {2S>, I 
2S. Woodhui-y nlimes eh^s.^ificr. From (27); tlelivei^s spigots to (29) and' 

overflow to (3 1), 

20. Two 4-rompartment fme jigs. From (2S); deliver concentrates to (37) 
and tailings to (30). 

30. Klevator. From (29); delivers to (31). 

31 . Two Pratt sizen^. From (3*0 ; deliver oversize to (32) and undensize to (33). 

32. Four 0-font Monadtiock mills. From (31); deliver crushed pulp to (33). 

33. Twenty Wilfley tables. From (31), (32), and (33) ; deliver concentrates 
to (37), middlings to (33)^ and tailings to waste dump. 

34. Five U'illley tables for slimes. From (28); deliver concentrates to 
(37) and tailings to (35). 

35. Three WiUley tables. From (34) ; deliver concentrates to (37) and tail- 
ings to waste dump. 

36. Elevator. From (13), (15), and (23); delivers to (3S), , 

37. Elevator. From (20), (33), (34), and (35); delivers to (39). 

38. Coarse-concent rates bin. From (30) ; delivers to smelter via cars. 

39. Finc-coocentrate.s [>in. From (37) ; delivei's to smelter via cars. 

The large No. 1 magnet was purchased from the Electric Controller and 
Supply Company of Cleveland, Ohio. When it was first installed the face of 
the niagnx^t was covered or protected with bronze metal whirh wore out so 
quickly that a tliang*' liad to be matle. The poles were originally 11 inches 
apart but are now only L Both magnets together cat(4i nearly 100 pounds 
per day, which includes the smallest as well as the largest pieces of steel. These 
are succ*\ssfid and save much wear, tear, and time on the roll shells. 

g 1407, Mill No. 165. Bo.ston Consolidated Mining CoaipanvJ'*^ — 
Situated at Ciar6eld Beach, Salt Lake County, Utah, Capacity from 2,800 to 
3,000 tons per 24 hours. 

The economic minerals are chalcopyrite, chalcocite, and bornite in a porphyry 
gangue.^ Some gold and silver is present. The average ores of the district 
run from 1.5 to 2.6% copper, 0i)3 ounce of gohJ, and 0.5 ounce of silver per ton. 
The minerals are in general ver}^ hnely disseminatetl, necessitating fine eni.sh- 
ing.'**'^ Thf^ problem is to save the copper, gold, and silver. The mill is divided 
into 13 sertioiis, each section containing 24 Nissen stamps, 22 Wilfley tables, 
IS Johnstrui vanners, 4 classifiers, and 24 settling tanks. The ores come from 
Bingham Canyon, by rail, and are dumped to (1). 

I. Structural-steel crude-ore bin, 20 X 35 X 300 feet, having a capacity of 
15jO(Xl tons. From the cars; tlelivens t^ (9\^ 
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U2. Two 30-iiich belt conveyors, running under the entire length of the criide- 
bin. From (1); di-liver (one, via a short eonveyor) to (3). 

3. Two grizzlies with 1 X 2..vineh bai-s set 1,25 inches apart. From (2); 
deliver oversize to (1) and uiidiMtiize to (5). 

4. Two style " K " No. 6 Gates g>Tator}^ breakers. From (3) ; deliver erushed 
re to (5). 

5. Tw^o trommels, 4 X 10 feet, with L25-inch round holes punched in man- 

rnese steej. From (3) and (4)' deliver oversize to ((i) and undersize to (7). 
6. Two No. 5 dates short -head gyratory hreakei*s. From {5) ; deliver crushed 
^Ore to (7). 

7. Two belt conveyors, running up a 20° incline. From (5) and (6) ; deliver 

8. One IS-inch horizontal belt eonveyor at right angles to (7), equipped 
with an auttmiatie tripper which distributes uvv the fidl Itiigth of the rrushed- 
ore bin and has n capacity of ir>,U(K) tons. From (7); delivers to (*)), 

Note. — Above crushing plant crushes for the entire 13 sections. These 
sections are all siniihtr, only one of them being described Ijelow. 

9. TwTnty-four Nissen stamps each w^eiirhing l,5tH) pniuids and crushing 
through a 2S-mesh, 2S-wire screen. From (S) and mcirtar water from (36) j 
deliver pulp to (lOK 

10. Four 3-compartment wooden hydraulic classifitrs of t!ie Spitzkasten 
t^'pe. From (9); deliver the first spigots to (11), second spigots to (IS), third 
spigots to (15), and overflows to (17). J 

11. Distributor. From (10); rlelivers to (12). ^ 

12. Six No. o VVilfley tables making 225 0.75-inch throws per rniruite. From 
(11); deliver concentrates to (34), middlings to (27), tailings to (33), and slimes 
and head waters to (21). 

13. Distributor. From (10); delivei-s to (14). 

14. 8ix No. 5 Wilfley tables making 225 0.75-inch throws per minute. From 
(13); deliv(r concentrates to (34), middlings to (25), tailings to (23), and head 
waters to (21). 

15. Distributor. From (10); delivers to (16). 

Iti. Six Xo. 5 Wilfley tables making 245 0.625-inrh throws per minute. 
From (15): deliver conecntrates to (34), nuddlings to (29), and tailings to (21), 

17. Distributor. From (10); deli\^ers to (IS). 

18. Twelve S-foot Callow settling tanks.^* ** Fffmi (17); deliver spigots 
to (19) and overflows to (37). j 

19. Distributor. From (18); delivei's to (20). ^ 

20. Four No. 5 Wilfley tallies making 2ftO 0.5-Inch throws per minute. From 
(19); deliver concentrates to (34) and tailings to (21). 

2L Distrihulor. From (12), (14), (16), and (20); delivei-s to (22). 

22. Six S-foot Callow settling tanks. From (21); deliver spigots to (23) 
and overflows to (35). j 

23. Distributor. From (22); delivers to (24). ' 

24. Four Johnston 6-foot vanners. From (23) ; deliver concentrates to 
(34) and tailings to (33). . ^ 

%'k One K-foot Callow settling tank. From (14); delivers spigot to (28) 
and overflow" to (35). 

26. One Johnston 6-foot vanner. From (27); delivers concentrates to (34) 
and tailings to (33). 

27. One S-foot Callow settling tank. From (12); delivers spigot to (26) 
and overflow to (35). 

28. One Johnston 6-foot vanner. From (25); delivers concentrates to (34) 
and tailings to (33). 
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29. Distributor. From (14) and (16); delivers to (30). J 

30. Four 8-foot Callow settling tanks. From (29) ; deliver spigots to (iilfl 
and overflows to (35). I 

3L Distributor. From (30); delivers to (32). I 

32. Twelve Johnston G-foot vanners. From (31); deliver coneentrat£S tffl 
(34) and tailings to (33). I 

33. General tailings launder. From (12), (14), (24), (26), (28), and (32)J 
delivers to taLling.s dump. 1 

34. Six concentrates bins, 16 feet square by 10 feet deep, sloping to ttid 
center with filter bottoniH whii^h are 18 inches in diameter and to which ij 
vacuum pump rnav be attached to drain the concentrates. By laundere (mm 
(12), (14), (lt>), (20), (21), (26), (28), and (32); deliver to (38). I 

35. Sump. From (22), (25), (27), and (30); delivers, via tw^o 1 ,500-gallQiU 
centrifugal punips, lo (37). ... I 

36. Reservoir. From (37) and main winter line; delivers main feed waud 
to (9). ^ J 

37. Sump. From (18) and (35); deliver, via two l,50()-gallon centrifugal 
pumps, to (36). I 

3N. Brt>\vniiig crane hoist of 10 tons capacity. With a clam-shell Lucked 
attat'hrd to the boom it will handle 100 tons of concentrateij per hour veij 
economically. From (34); (k'livers lo mil mad cars. \ 

There is no elevator in the entire i>lant; everything runs by gra\ity from 
the crushed ore bins.'** lixhaustive tests were made before constructing the 
mill, as regards different methods of crushing, size of particles, screen analysis, 
etc. As a result the crushing is done by Nissen stamps, and concentration on 
Wilfley tables, followed by Johnston vanners. The ores treated by the Boston 
Consoitdated Copper Compauy, the Utah Copper Company, and the StepUie 
Valley Smelting ifc Mining ('(jmpany are all similar as regards economic mineral:^, 
gangue, and size of mineral particles. The methods of crushing and concenlrn- 
tion vary at these three mills. The Utah Copper Company crushes with rollB 
and Chili nulJs, and the Steptoe Valley Smelting & Mining Company uses Hunt 
ington mills. It will be interesting to watcli the results of tiiese thi-ee miiy, 
using, as they do, different methods of concentration. 

Labor and Wages, 

There are employed, including mechanics, machinists, and blacksmiths, 
about 160 men who are paid on an average of 82.50 per day, with $2.25 aad 
$3.50 as the extremes. 

Power and TFa^cr. 

Power is purchased from the Telluritle Power Company and is generated 
in Pruvo Canyon, Logan Canyon, and on Bear River, Uttih, The power, 
received, is a 40,000-voJt current, but the mill has a large transformer house^ 
capable of transforming 4,000 horse-power from 80,000 volts to 40O volts. 

The different machines are run by individual niotoi-s, that is, one motor ruui 
20 stamps, one motor runs 22 Wilfley tables, etc. The pumps arc all direct 
connected to motors. 

About 2,700 horse-power is required for the entire plant which includci^ 
pumping all the water 3S0 feet. 

Each Nissen stamp requires from 10 to 1 1J36 gallons of water per rainutck, 
each Williey table 5 gallons per minute, and each Johnston vanner about 
gallons per minute. Tiie classifiers are using about 2 gallons of water per minute 
in the first compartments, a little less m the second compartments, and none 
in the third (Compartments. 
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The total amount of water required is about 2 gallons per minute for each 
ton of ore treated per 24 hours, 

J 149S. Mill No. 166\ CAcrrs Mill of thk Newhousb Mines and 
Smelter^J'** — LoratPil at Newhousc, Utali, 7 miles by rail from Frisco, 
Utah," Capacity 1,(MX) tons per 24 hours, built in two uriit,s of 500 tons 
capacity each.^ 

The ore consists of the economic minerals, pyrite ant! chalropyrite, carrying 
acme gold and silver, with stime gray and native copper, in a "ranite gangue," 
The problem is to save the copper antl precious met a Is, The ore is pushed out 
of the mines, throu<rh a tunnel, by electric locomotives in trains of from 14 to 
21 cars, seven of which are run together into a hallow steel-cylinder, open at 
the top, which is then revolved l>y compresseil air.'^* Each car holds 4 tons, 
and the 28 tons are dumped in 3D seconds. From this bin the ore is drawn 
to{l). 

Rock Home at Mine. 

1» Grizzly, 45 feet wide, with oO.S-nHllimeter spaces between the bars which 
are old 5ti-pouml rails cut in ir>-l<iot lengths and having slopes of 45*^. From 
the mine; delivers oversize to (2) am! undersizt* to (Ij). 

2. Three Blake breakers with lU X 20-inch jaw openings breaking to 2 
inches. The jaw plates are ma<le of Cauda steel, weigh 1 ,(HK) ptjunds, and have 
a life of 90 days. The toggles ure of steel and have an indefinite life (no wear 
on toggles; sonu^tinies they break). The capacity of each breaker is 500 tons 
in 24 hours. From (1): deliver crushed ore to (3). 

3. Bin, 20 X 14 X 54 feet with a flat bottom. From (1) and (2); delivers 

4. Railroad cars with a capacity of 44 tons. From (3) ; deliver ore three miles 
to (5) at the mill. , 

Mill in Two SectionSj each of 500 Tons Capacity. I 

(Onlij one section described below,) 

5. Steel bin with a capacity of 1,000 tons. From (4); delivers tn (6). 

6. Four plunger feeders, 5 X 15 niches, placed at intervals in front of (5). 
From (5); delivers to (7). 

7. Belt conveyor with a (i-ply belt, 22 inches wide, having a speed of 150 
feet per nniiute. Requires 2 horse-power and has a life of 120 weeks. From 
(6); delivers to (8). 

8. Elevator with a 10-pIy belt, 13 inches wide, liaving a speed of 350 feet 
per minute-, and a life of 32 weeks. The cups are of presserl steel, 12 inches long 
by 7 inches wide, placed IS inches apart. an<I have a life of 20 weeks. The heisrht 
of lift is 70 feetj capacity 500 tons per 24 hours, and 10 hoise-p<nvf*r is retpiireil 
to operate it. From (7) and (11); delivers to (0). 

9* Trommel having 15.<S75-miHinuler round holes punched in steel plate, 
a length of 60 t^ 60 inches, a diameter of 42 inches, and a slope of 1.7 inches to 
the foot. It makes 9 revolutions per minute and the screen lasts 90 days. 
From (8), fed with 50,S to 0-millimeter stuff; delivers ovei'size to (10) and under- 
aize to (12). 

10. Gates gjTatorj^ breaker, style "D,'* breaking to 25.4 millimeteni?. There 
are 2 feed openings each 6X21 inches. The hea<l is made of manganese steel, 
weighs 420 pounds before using, 250 pounds after using, and lasts 200 days. 
The liners are of manganese steel, weigh 350 pr>unds l>efnre using, 170 pounds 
after using, and last 150 days. The capacity i.s 1.30 tons per 24 hou!"s. From 
(l>); delivers crushed ore to (11). 

11. Rolls, 16 X 36 inches, run dry and set to crush through 15.875 mill] 
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meters. Different make in eaeh section; one set was made by Ani8-Chiilm<?isj 
the oiher, Bi*lthofT rolls, by the Power iinU Mining Maeliinerj'- Company* Tli 
shells are of Mid vale steely weigh 3,NW pounds per pair before using, 450 poundai 
per pair after u.sin^, and have a life of 155 days. The thiekness before usioji 
IS 3 inches, after iLsing 0J5 to 1 inch. The rolls are set 0S> inch apart; thcfj 
make 48 revolutions per minute and crush 450 tons per 24 hours. The adviUJ- 
tage of the Allis-Chalmers rolls is liberal proportioning of paits, insuring gnrat 
steadiness in running. From (10); deliver crushed ore to (S)* 

12. Double eonieal tronnneL The inner screen has 7,U-niil]imeter and outi^r 
screen has S^S-milliineter round IhAih punched in 3.5'miUinieter steeL The 
inner screen is 3(> and 4S inches in diameter and 72 inches long; the outer seavn 
is 4S iind 00 inches in diameter and tlO inches loni^. The slope of the screen is 
2 inches per foot. These screens make 9 revohitions per minute and last fiS 
days. First water is introdueeil here. From (9); delivers material larger than 
7 nullinieters to (13), 7 to 3.5-miHirneter stuff to (14), and undersiase to (18). 

13. Two Harz 3-sieve ji^s. Each sieve is 22 X 34 inches, of 8 mesh, 18J 
brass wire and has an opening of 1.5 millimeters. These jigs are working aa 
single*compartment jigs and make heads in the cc^nter and tailings at both entk 
The plungers, 22 X 34 inches, make 140 0.75-inrh strokes per minute. There 
is no water with the feed. All side discharges and hutches are coiicentrat4S»i 
The tailings are midtllings. A pipe side tliseharge is used. From (12), fw 
with 15.K75 to 6*35-millimeter stuff; deliver concentrates to (41) and tailings 
to (15). 

14. Two Harz 3-sieve jigs. Each sieve is 22 X 34 inches, of S mesh, 16 
brass wire, antl has an opening of L5 millimeters. These jigs are working as 
single-compartment jigs and make heads in the center and tailings at both ends. 
The plungers, 22 X 34 inches, make 140 0.75-inch strokes per minute. There 
is no water with the f(*ed. AH side discharges and hutr-hes are eoneentratos. 
The tailings are middlings. A pipe side discharge is used. From (12), M 
with 7,0 to 3.5-millimeter stuff; deliver concentrates to (41) and tailings to 
(15). 

15. Wet elevator with a 10-ply belt, 17 inches wide, having a speed of 400 
feet per minute and a life of 2S weeks. The cups are of pressed steely 16 inches 
long by S inches wi(k% placed IS inches apart, and have a life of 52 weeks. 
The height of lift is 70 feet, capacity 300 tons per 24 hours, imd it requires lo 
hoi-se-power. From (13), (14), and (17); tielivcrs to (10). 

16. Trommel having 3.5-millimeter round holes pnnr-hed in steel plaU, 
a lenj^th of 7S in<4ies^ a diameter of 42 inches, and a sl(*pe of L25 inches per foot* 
It makes 12 revolutions per minute. The screen lasts i\o days. Fi*om (15); 
delivers oversize, via storage tank, to (17) an<l underside to (IS). 

17. Wet rolls, 10 X 36 indues, crushing to 3.5 millimeters. Made by AUis- 
Chalmers (Company, The shells are of Mid vale steel, weigh 3,S(K) |Kjunds per 
pair before using, 450 poumls per pair after using, and last 70 days. The thick- 
ness before using is 3 inches, after using 0.75 to 1.0 inch. The rolls are set 0.12.1 
inch apart, make 70 revolutions per minute, and crush 300 tons per 24 houi^. 
From (10); deliver crushed ore to (15). 

18. Two trommels with 2-miI!imeter round holes punched in ste<^l plate 
which lasts 55 days. Other details as in (1(5). From (12) and (10); deliver 
oversize to (19) and undersize to (20). 

10. Four Harz 3-sieve jigs. Ea(4i sieve is 22 X 34 inches, of 5 mesh. U 
brass wire, and has an opening of 3.5 millimeters. The plungers, 22 X 34 inches, 
make 200 strukes per minute. Length of plunger stroke in hrst compartments 
is 0.5 inch, in second compartments 0.375 inch, and in third compartments 
0,5 inch. There is no w ^ '"> the feed, but water is added to jigs* From 
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18), fed with 3.0 to 2.(>-inillimeter stuff; deliver the first and second discharges 
id hutch products, as concentrate^^ to (11); the third discharges and hutch 
jducts, iia middhngs, to (22) ; and the tailiiigs to wafstc. 

20. Two tronimelii with l-milUnieter diagonal slotted holes and other 
&taiis as in (IG). From (LS); deliver oversize to (21) and undersizt^ to (20). 

21. Four Harz 3-sieve jigs. Each sieve is 22 X 34 inches, of 6 mesh, 14 
brass wire and has an opening of 2.5 millimeters. The plungers, 22 X 34 inches, 
make 2t"iO strokes per minute. Length of plunger stroke in first compartments 
is 0.375 inch, in second compartments is 0.25 inch, and in third conipartmt^nts 
is 0.375 inch. There is no water in the feed, but w:iter is nd(h-d to jigs. From 
(20), fed with 2.0 to LO-millimeter stuff; deliver tln' first and second discharges 
and hutch products, as concentrates, to (41); the third discharges and hutch 
products^ as ndthllingf^, to (22) ; and the tailings to waste. 

22. Two elevators with 10-ply belts, 17 inches wide, having a life of 52 weeks. 
The cups are of pressed stet*l^ 16 inches long by S inches wide, placetl 20 inches 
apart, and have a life of 52 weeks. The height of Hft is 32 feet and speed 400 
feet per minute. From (19), (21), (25), and (27); deliver to (23). 

23. Two trommels with 1.33-millimeter round punched holes (10 mesh). 
From (22); deliver oversize to (24) and undersize ti> (25). 

24. Four Harz 3-Hieve jigs. Fach sieve is 22 X 34 inches, of 6 mesh, 14 
brass wire, and has an opening of 2.5 miliimeters. The plungers, 22 X34 inches, 
make 240 strokes per minute. Lengtli of plunger stroke in first compartments is 
0.375 inch, in second compartmt^nts 0.25 inch, and in third conjpartnients 0.25 
in(4i. Water with feed and also atlded to jigs. From (23) ; tleliver all three 
discharges and hutch products, as concentrates, to (41) and the tailings to waste. 

25. Four Willley tables, making 240 0.75-inch strokes jjcr minute. From 
(23) and (25); deliver concentrates to (42), middlings to (25), slimes to (35), 
and tailings to waste. 

20. Two Calumet dassifiei^s with 4 pockets each. From (20), fed with 
1 to 0-millimet(^r stulT; deliver first spigots to (27), seeontl spigots to (2S)^ third 
spigots to (211), fourth sjiigots to (30), niul overflows to (31). 

27. Two Wilfley tables, making 240 O.G25-inch strokes per minute. From 
(26); deliver concentrates to (42), middlings to (22), shmes to (35), and tailings 
to waste. 

28. Two Wilfley tables making 240 0.5-inch strokes per minute. From 
(26); deliver conct^ntrntes to (42), slimes to (35), and tailings to waste. 

29. Two Wilfley tables making 240 O.o-inch strokes per ndnute. From 
(26); deliver concentrates to (42), slimes to (35), and tailings to waste, 

30. Two W ilfley iidiles making 240 0.5-inch strokes pej' minute. From 
(26); deliver concentrates to (42); slimes to (35), ami tailings to waste. 

31. Two distributors. From (2(i}; deliver to (32). 

32. Eight cone S(4llei*s. Diameter at top S feet ami depth 6 ft*<'t 4 inches. 
The angle of the sides is iMT from the horizontal. The dis(4nuge is 1.25 inches 
pinr4ied to 0.375 inch. From (31); deliver settlings to (33) and overflows to 
(35). 

:33. Distributor. From (32); delivers to (34), 

34. Four Wilfley slime tables. From (33); deliver concentrates to (42), 
slimes to (35), and tailings to waste. 
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Slimes Department 

35» Sump which is a wooden tank 10 feet in diameter by 8 feet deep. From 
(25), (27), (28), (29), (30), (32), (34), (40), and draininga from jig concentrates; 
deli vera to (36). 



36, Centrifugal pump. Size of suction is 8 inches, discharge 6 inches^ M I 
the lift 13 40 feet. This is a common cast-iron pump without lining and la«ti J 
52 weeks, From (35); clelivei's to (37). 

37, Eijiht slime,s-settling tanks which are cylinders with conical bottoina. 
Diameter 10 feet, depth to top of cone 4.5 feet, and total depth 10 fef^t. From j 
(36); deliver settlings to (39) and overflows to (3S). ^ | 

38, Tank of 3,600 gallons capacity from which all jig wash water is supplied 
From (37), 

39, Distributor. From (37); delivers to (40). 

40, Four WiKley .slime tables using short, quick strokes. From (39); delivfl 
concent ratios to (42), slime.s to (35), and tailings to waste. 

41, Launder to basement. Receives all jig concentrates from (13), (li), 
(ly), (21), and (24); delivei*s, automatically, via tram and cars, to smeher. 

42, Launder for all table concentrates,' From (25), (27), (28), (29), (30), 
(34) , and (10) ; delivers, via receiving box and tram, to railmadi ears and 8mcUer, 

All tailings launders are glass lined. ^ 

The ore is saitl to average 4% copper and $2 per ton in gold and silver, Tte 
concentrates vary considerably, depending largely on the ore. Jig concentrate? 
run as high as 25 to 30% copper and sometimes as low as 15%, The table 
concentrates usually run a little lower than the jig concentrates,**^ The 
extraction is from SO to S5% of the copper content uf the ore. 

The hibor includes besides the foreman, 1 roll man, 3 jig men, 2 tranmier*, 
1 table man, and 1 oiler^ or a total for both sections of 8 men for each 8-hour 
shift and 2 men at the rock house at mine. 



Power and Water, 

Power for both mine and mill is supplied by tliree 300 horse-power Bab- 
cock and Wilcox, intemai-superheating wattT-luhe boilers, operated under 
170 pounds pressure. The feed water is distilled by passing through tlie sur- 
face condensers. An air eompressor, and two 400-kilowatt Westinghoust* 
tur}>ine generators are operated. The breakei-s at the io(*k house are driven 
by a 75 htjrse-power Westinghouse inductiim motor and a similar 150 hui'se- 
power motor runs the mill machinery^ with the exception of tlie tables, which 
have a separate 20 horse-power motor. 

Water is collected from Widi Wah springs by 4 miles of modern pipe and is 
conveyed 8 rniles, through 12 and 14'inch pipe, to the reservoir alxjve the mill. 
It is estimated that 1,200 gallons per minute are obtained. Approximately 
1,440 gallons of water are used per ton of ore treated and the amount of water 
that is |>umped back after settling is about 50%. 

§ 14*Ji). .Mill No. 107. Ut.\h Coppkh Chmi^anv, Garfield Plant, Gar- 
FlKLD, Utau.-^-' The mill hits a caparity of 6,000 tons per 24 haul's. The 
ecoiuunic minrrals are chalcocite and bornite, with a considerable quantity of 
chalcopyrite. Some gold and silver is present. The copper mineral is finely and 
uniformly dissi^minated throughout the porphyry gangue, necessitating tine grind- 
ing."^ The average content uf the ore is 2% copper, 0.015 oimce gold, and 0.15 
ounce silver ]>er ton of ore. The problem is to save the copper, gold, and silver. 

The mill is built in 12 seetitms, each liaving a capacjiy of 5(Hi tons per 24 
huui's. Six of these sections constitute a so-called **unit.^' The tw^o units 
are exactly alike and each has its own coarsf^croslung department, the l^rm 
'*unit" being applied for identification purposes only and in order to describe 
one complete group of departments. 

The ore comes from Bingham Canyon,'^ a distance, by rail, of 27 miles, via 
Denver & Hio Grande Hailroad, and goes to (1). 
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1. Scales. On cars, from mine; goes to (2). 

2. Coarse-ore storage bin, 600 feet long by 41 feet wide by 28 feet deep, 
flat bottomed and holds 25,000 tons. Gates, 20 inches square, in two lines m 
bottom, operated by compressed air. Cylinders 8 X 25 inches; 4-way air 
valve operated by hand. From (1); delivers to (3) or (5). 

3. Larries,*** electric cars of 5 tons capacity on two tracks below (2). From 
(2); deliver, via bin, to (4). 

One Unit Only. 

4. Two grizzlies, 6 feet wide bv 10 feet long, with 1.5-inch spaces between 
the bars. From (3); deliver oversize to (5) and undersize to (6). 

5. Two Gates breakers of the 7.5 *'K" type, breaking to about 1.5 inches. 
The feed comes, via 6 air-operated gates, to each breaker. Three thousand tons 
can go to the breakers from (2), if so desired, by gravity. Fiom (2) or (4); 
deliver crushed ore to (6). 

6. Two 24-inch elevators having speeds of 400 feet per minute, buckets, 
8 X 24 inches, set 24 inches apart and elevating the ore 58 feet. From (4), 
(5), and (8); deliver to (7). 

7. Four trommels, 4X9 feet, with screens having 1 .25-inch holes and 0.25- 
inch wires, slopes of 2 inches to the foot, and making 24 revolutions per minute. 
From (6); deliver oversize to (8) and undersize to (9). 

8. Rolls, 20 X 54 inches, making 60 revolutions per minute with a spring 
pressure of 300,000 pounds. From (7); deliver crushed ore to (6). 

9. Twenty-four inch elevator having a speed of 375 feet per minute, buckets, 
8 X 24 inches, set 24 inches apart and elevating the ore 59 feet. From (7); 
delivers to (10). 

10. Two automatic samplcra patterned after the **Vezin" type, except 
that the cones are inverted so that the sample drops through the rim to the 
outside of the pan or inverted cone, and the main stream passes on through 
an opening in the bottom. Cuts out 5% of the ore. From (9) of both units; 
deliver total sample, via screw conveyor, to (11) and reject to (13). 

11. Automatic sampler Hke (10). Cuts out 5%. From (10); delivers 
sample, via barrel-type mixer, to (12) and reject to (13). 

12. Automatic sampler like (10). Cuts out 5% or 0.25 pound of ore per 
ton milled. From (11); delivers sample to assayer and reject to (13). 

13. Two portable 24-inch conveyors 150 feet long and reversible, as to 
travel of b(»lts and frames, so as to discharge at any point over (14). Frames 
run on 2 tracks. From (10), (11), and (12); deliver to (14). 

14. Crushed-ore bin for both units, 600 feet long by 20 feet wide by 25.5 
feet deep. Bottom hoppered longitudinally. Bin has a total capacity of 15,000 
tons and is divided into halves for each unit. From (13) ; delivers, via gates, 
11 inches square, to (15). 

One Section Only, 

15. Two automatic plunger feeders with plungers, 7X9 inches, double 
acting and operated by eccentrics. Supported by guide rods, th(» plungers work 
freely in a 9 X 11-inch box. with a variable stroke of 4 inches, more or less, 
and the eccentric makes 40 revolutions per minute. From (14) ; deliver to (16). 

16. Twenty-four inch el(»vator having a speed of 360 feet per minute, buckets, 
8 X 24 inches, and elevating the ore 54 feet. From (15) and (18); delivers to 
(17). 

17. Four trommels, 3.33 X 7.5 feet, with rolled-slot wire-cloth screens hav- 
ing 0.088-inch openings, slopes of 1.125 inches to the foot, and making 22 
revolutions per minute. From (16); deliver oversize to (18) and undersize 
to (19). 
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18. Rolls, 15 X 37.5 inches, crushing to about 10 mesh and making 80 rvt^ 

lutionis per minute. Fmrn (17); cioliver crushnl ore to (10). 

1*L Two dcwatering sriTcns, K6i) fort long by 2.33 feet widc% with roUed- 
slot wiiT-(!loth screens having U.USH-ijich openings and slopes of 45*"* From 
(17) ; deliver oversize to (20) and undeijsize to (25)* 

20. Six 2-eompartiiient jig« with 20 X 30-ineh sieves having slotted halt^ 
O.OHS ineh wide and jilun^er.s making 140 0:75-inrh strokes per minute. From 
(lij) and (2.")); deliver ijoth butt h produets to (21) and tailings to (22), 

21. Four Wiltiey tables making 245 U.S75-ineh throws per nunutc* From 
(20); deliver coneentrates to (31), middlings and tailings to (22). 

22. Twenly-fuur tneh elevator having a speeil of 4(K) feet per minute, 
buckets, 8 X 24 inches, and elevating the ore 58 feet. From (20) and (21); 
delivers to (23). 

23. Three sheet-steel cylimh^ical feed-tanks, 10 feet in diameter and 8 f«t 
high. From (22); deliver .spigats to (21 J and overflows to (28). 

24. Three (Jarfield b-foot ('hili mills with rolleil-slut wire-cloth sen*eus hav- 
iiig 0,027-ineh openings. From (23); *1<-Iiver pulp to (25). 

25. Two 4-spigot classifieis Qiu-h liaving foui' exi>amling hop]>ers. From 
(19) and (24); deliver first and stn^ond spigots to (20), third spigots to (31), 
fourth spigots to (27), and overflows to {2(i) and (2s). 

20. Ten eune-tanks, 9.5 feet in diameter with 00^ slopes. From (25); de- 
liver spigots to (29) and overflows to (33). 

27. Twenty Johnston vanners with corrugated belts, feet wide, and mak- 
ing 130 2-ineh throws per minute. From (25) and (30); deliver conccntratfB 
to (34) and tailings to (32). 

2S. Sixteen cone-tan!vs, 7 feet in diameter with 60"^ slopes. From (23) an J 
(25); deliver spigtds to (29) and overflows t(j (33). 

29. Forty Jolinston vannt^s with snuuith belts, 6 feet wide, and niakuig 120 
2-ineh throws per minute. From (20) an<l (2S) ; deliver concentrates to (34) 
and tailings to (30). 

30. Ten cone-tanks, 9.5 feet in diameter with 60° slopes. Fmm (29); deliver 
spigots to (27) and (31), and overflows to (33). 

31. Tliirty-two Johnst<»n vanners with corrugated bidts, 6 feet wide, and 
making 13f) 2-inr h throws per miiuite. I'rxmi (25) and (30) ; deliver concentrates 
to (31) and tailings to (32). 

32. Tailings launder and automatic sampler whi(4i consists of a cutt<;r 
swinging aeross the i^ntire width, and at the imi\, of the launder. This cut b 
made every minuti^s and takes out i\% of the stream during tite time that the 
cut is a<*tually Inking madis The aetual sample tiiken is 1.2 pountls per ton of 
ore treated and this sample is still furtlier redncetl by a rotating eutter, wluch 
takes a second samph* of 3-/^ from the first sanipl(\ From (27) and (31); 
delivers to tailings dump, 

33. Settling pond for concentrates-bin overflow. From (20), (2S). (30), and 
(35); delivers, period ieally, tu (35). 

34. Centrifugal pump. From (21), (27) , (29), and (31) ; delivers, via launder, 
to (35). 

35. Ten concrete con(*entrates-bins, 23 feet long by 15 feet wide by 11 feet 
deep, having drainage through bottoms to (33) and overflows, by launders, 
from any bin to any other. From (33) and (34) ; deliver to (36) and drainage 
to (33). 

36. Gantry clam shells load concentrates, from (35) into cars, whence they 
go to smelter of the <]aHield Smelting Company at Garfield. 

An approximate analy.sis of the crude ohb and products follows: 
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Labor and Wages. 

The mill runs 7 clays a week antl 3 shifts prr day. The base seak* for opera- 
j^ of nmchiiicTv is $2.50 per S-hnur shifts Ordinary labor ahont llio mill 
pt^iv(>a from $2 to §2/Jo for the ^Miiv h-n^th shift. Higher cla^sfMl lal)or, 8iu'h 
. the merliaiiirul forrr, n^eoiv*' various iai^;hi^r rates, so that the average rate 
iad to all operators and einpluyceH h about $2.50. 

Power Plant, 

The building is of 8teel and brick, with an enpnf^ room about 2*.)0 feet long 

73 feel wide, in wldrh are locatefl two Allij?-Chalnic'r.s rompomul-eondensing 
earn engines, furnishing 1,250 kilowatts vnvh, and three Norrlberg compound- 
condensing steam engines, furnishing 2^000 kilowatts eaeh, a total of 8,500 
kilowatts. 

There are 20 Heine boilers of 110 horse-power each, nominal rating, and 
carrying 175 pounds of steam. These are fired by two American stokertt for 
each boiler aiiti use artificial draft fiu'nished by Buffsdo fans, A 50 liorsi^-power 
Ames autoinatie single-cylinder en«^ine drives the stokers, and the cotil, deh'vered 
in bins over the boik-rs, discharges into the stoke m through 12-inch pipes. 

The primary voltaL^e of the geuenitor is 1,000 volts, and a 42,000-volt cur- 
rent is sent over to Bingham, 17 nules distant. 

The total mill will recpiire fnmi 1,000 to 5,000 hom-power and, of this, 1,050 
horse-power will Ite rctjuired in pumping water to a height of 200 feet. The 
mine wiil rer|uire 500 horse-power and the Copperton mill, of 800 tons capacity, 
about l/)00 horse-powen 

Pit mpifi g E(iu ipment. 

There are three 2-stage centrifugsil |)umps (D'Olier Engiiirering Company, 
Philadelphia, l*a.). No. 1 pumps 2,500 gallons per minute and is run by a 250 
horse-power, 4,(M>0-voIt induction motru*. Xo. 2 pump.s 3,500 gallcms jier minute 
and is run by a 350 hf^ise-power, 1, 000- volt iivductiun motor. No. 3 pumps 

L 4,500 gallons per minute and is run by a 450 horse-powr^r, 'l,00O*voh, induetion 

■Botor. 

^V Mr. Janney says that 1 ti^n of ore ref|uires 6 tons of water, or 1 gallon per 

r minute per ton in 21 hours. 

The vanners used are modeled after the Johnston suspenried vaniier as 
marmfactured by the Ri.sdon Iron Works. It lias been found, by exf^erlments, 
that the eorrugatetl vanner belts make a better recover}^ with a coarse feed than 
the smooth vanntT, and vice vei-sa with the fine feed. 

The rolls and Chili mills were binlt after the design of the Engineering De- 
partment of tlie company. The object in using such coarse .screens in the mills 
IS to save sliming and wear, and increiLse the capacity, 

Mr. Jaekling '** believes in usinu; flanged l>elt conveyors when the belt is to 
run up a steep incline; Init on level work he thinks a perfectly fiat belt, a little 
wider than absolutely necessary, is proper. He tkn-s not believe in using a nar- 
row belt and turning up the edges with pulleys, rollers, etc. It will be nutieed 
that graded crushing is carried to the extreme in this mill. 
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§ 1500. Mill No. 168. Caucasus Mill, The Caucasus Copper Compact 
Limited, Dzansaul, Kutais, Russia. — The capacity of the new mill is 500 
tons per 24 hoiii-s.' The economic mineral is chalcop>Tite in a siliceous gangue 
occurring in an impregnated stratum. Formerly wet concentration was used, 
but the ore slimed so badly, the silica in the concentrates was so high, and the 
iron cont(»nt so low, that it was neccssaiy to suspend operations and a WetheriB 
magnetic s(»parating plant was installed. The crude ore averages 3.1% copper 
carrying small gold and silver values. The problem is to save the copper, gold, 
and silver. 

Tram cars with ore from the mine are dumped by revolving tipples to (1). 

1. Crude-ore storage bin, No. 1, having a capacity of 300 tons. From mine 
cars; delivers, via two gates and chutes, to (2). 

2. Two automatic shaking feeders. 6 feet long, having 1.5-inch perforations 
in the bottoms. From (1); deliver oversize to (3) and undcrsize to (4). 

3. Two breakers, No. 1, set to break to 2.5 inches. From (2); deliver 
crush(»d ore to (4). 

4. Twenty-inch belt conveyor "A," having a conveying length of 100 feet 
and elevating the ore 17 feet. From (2), (3), and (11); delivers to (5). 

5. drizzly with 1-inch spaces between the bars, divided into three sections 
lengthwise, each 5 feet long, and having slopes of 40®. From (4); delivers 
oversize, via chute, to (G) and undersize, via chute, to (12). 

6. Thirty-eight inch belt conveyor '* B " used as a picking belt, having a 
conveying length of 95 feet and elevating the ore 14 feet. From (5) ; delivers 
hand-picked ore running 8% ii^ copper or better, via chutes, to (7) and lower 
grad(* to (S). 

7. Rich-ore bins, No. 3, having a total capacity of 125 tons. From (6); 
deliver, via 3 gates and chutes, to tram cars and thence to (81). 

S. Sixteen-ineh belt conveyor ''C* having a conveying length of 140 feet 
and elevating the ore 47 feet. From (6); delivers to (9). 

9. Storage bins. No. 2, having a total capacity of 250 tons. From (8); 
deliver, via two gates and chutes, to (10). 

10. Two automatic plung(T f(HHlers. From (9); deliver to (11). 

11. Two brc^akers, No. 2, set to bn»ak to 1 inch. From (10) ; deliver crushed 
on; to (4). 

12. Fighteen-inch b(4t conveyor ^^D'^ having conveying length of 65 feet 
and elevating th(^ or(^ 5 feet. From (5), weighed in transit by a Blake-Denison 
W(»i.i;lier and delivered to (13). 

13. Automatic sampler. From (12); delivers sample to (14) and reject 
to (17). 

14. Rolls, 14 X 24 inches. From (13); deliver crushed ore to (15). 

15. Sample floor. From (14); sample cut down, partial sample taken, and 
deliv(M*e(l to (If)) wliile reject go(\^ to (17). 

10. Sample grind(»r. From (15); deliv(M's crushed sample to a^sayer. 

17. Sixte(*n-inch belt conveyor " F/' having a conveying length of ^o feet 
and elevating the ore 10 feet. From (13) and (15); delivers, via chute, to (IS) 
or, if ore is dry, to (19). 

IS. Drying tower which is made up of a shaft furnace, 5 feet square by 40 
feet high, having horizontal bars running through it, six parallel layers all 
running in the same direction and one below the otluT, and then six similar layers 
running at right angh^s to the above, and so on until eight such unit^or 4S layers 
are repr(\s(»nted. The ore is fed to this furnace with a bell-hopper feeder and, 
as it falls through the shaft, is well scattered by the staggered bars. Adjacent 
to this shaft is an oil-burning fire box, 2.5 feet deep by 5 feet wide and 25 feet 
high, opening into the drying shaft in two places, one near the bottom and one 
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Jiear the top. No bam are placed in the shaft near these entrance ports for the 
3t gases, which escape at the top of tho .shaft at one side of the feeder. From 
17); delivers dry ore, via water-cooled screw conveyor and ctiute, to (19). 
l*J, Twcntv*twT> inch belt conveyor *'(J'" having a conveying length of 22.5 
feet and elevating the ore 22 feet. "From (17) or (IS), (2t)^ (25), (29), (33), and 
(34) ; delivens, via chute, to (20). 

20. Scref*ning tower. No, 1, having sereivna with holes 0,5 inch, 0,1 S75 inch, 
1,5 millimeters, and 0.5 millimeter. From (19); delivers, via chutes, 1.0 to 
0.5-inch materiai to (21), 0-5 io 0. 1875-inch material to (20), 0JS75-ineh to 
1.5-miJlinieter materia! to (30), 1.5 to 0.5-millinieter material to (35), and 0.5 
to 0-0-miNimeter material to (52). 

21. Two Iti-inch belt con veyoi-s ** H" and ''IIj" having conveying lengths 
of 25 feet and runniiii;: level. From (20); deliver, via chutes, lo (22). 

22. Sixteen-inch belt conveyor '*!" having a conveying lengtti of 243 feet 
and elevating the ore 51 feet. From (21); tk^ivers to (23) or, when (23) is 
full, to (24). 

23. Bin, No. 4, having a capacity of 125 tons. From (22); delivers, via two 
gates, chutes, and automatic feeders, to (25). 

24. Bin, No. 6, having a capacity of 60 tons. From (22) and (27) ; delivers 
to (19). 

25. Two rolls, No* 1, crushing to 0.5 incli. From (23) ; deliver crushed ore 
to (19). 

2(3, Two 16-inch belt conveyoi-s '*J'* and *'Ji" having conveying lengths 
of 30 feet and running level. From (20): deliver, via rhutes, to (27). 

27. Sixteen-inch belt conveyor '*K" having a conveying iength of 190 feet 
and elevating the ore 51 feet. From (26); delivers to (2S) or, when (28) is full, 
to (24). 

2S. Bin, No. 5, having a capacity of 125 tons. From (27) ; tlelivei-s, via two 
gates, chutes, and automatic feeders, to (20). 

29. Two rolls, No. 2, crushing to 0,1 S75 inch. From (28); deliver criished 
ore to (19). 

30. Sixteen-inch belt conveyor '* L*' having a conveying length of 25 feet 
and running level From (20); delivers, via chute, to (31). 

31. 8ixteen-inch belt conveyor "M" having a conveying length of 227 
feet and elevating the ore 45 feet. Ftom (30); delivem to (32) or, when (32) 
' full, to (33). 

32. Bin, No. 7, having a capacity of 100 tons. From (3!) ; delivers, via two 
S^tes, chutes, and automatic feeders, to (34). 

33. Bin, No. 8, having a ca|iacity r>f 60 ions. From (31); delivers to (19). 

34. Two rolls, No. 3, cruj^hing to 1.5 milJimeters. From (32); deliver 
ished ore to (10). 

35. Sixteen-inch !jelt conveyor "P/' having a convt^ying length of 110 feet 
ad elevating the ore 32 feet. From (20); delivers either to (3ti) or (10). 

36. Sixtf^en-inch belt conveyor "N'j*' having a conveying length of 27 feet 
id elevating the ore 11 feet. From (35); delivers to (37). 

37. Sixteen-inch belt conveyor '*Qj" having a conveying length t*f 127 feet 
id elevating the ore 15 feet. From (36); delivers to (38). 

38. Storage bin, No. 10, having a capacity of 750 tons. From (37) ; delivers, 
ria 7 gates, chutes, and automatic feedt^rs, to (30). 

30. Sixteen-inch belt conveyor '' Rj'* having a conveying length of 125 feet 
ad elevating the ore 7 feet. From (38) via traveling plunger feeder and dis- 
ibutor; delivers to (40). 

40. Sixteen-inch belt conveyor '"N," having a ctmveying length of 95 feet 
id elevating the oie 35 feet. From (35) and (39) ; delivers, via chutes, to (41) 




41. SixtefTi-ifich belt ponveyor *'Oj* having a conveying length of 178 f«n 

an<l elevating the ore 2\) feet. From (40); ilelivei>i to (42). 

42* Three bins. No, 12, each having a capacity of 12 ions. From (41); { 
each delivers, via two automatic wonii feeders, to (43). 

43. Twelve mechanical roasters, No* 2, of the Herrcslioff type with m 
hearths each, using crude oil for fuel. From (42); deliver roasted oix- to (44). 

44. Swinging conveyor, No. 1, l,13t> feet long and water-cooled. From 
(43): delivers cool ore, via chute, to (45). ' 

45. Sixteen-inch belt conveyor ^'T^'^ having a conveying length of 12S 
feet and elevating the ore 42 feet. From (44); delivens, via cliiite, to (4()), 

16. Screen tower, No, 2, having screens with 0.5-millimeter holes. From 
(15); delivers oversize to (47) and undersize to (63). 

47. Sixteen-inch belt conveyor ^'U^" having a conveying length of 159 
feet and elevating the ore 27 fwt. From (46) ; delivers either to (4SJ or (U). 

48. Storage bin, No, 16, having a capacity of 75 tons. From (47); delivers, 
via 5 automatic feeders, to (49). 

4*». Five IVetlierill roll-type magnetic separators. From (4S); deliver 
concentrates to (50), middlings, via chute, to (6S), and tailings to (51). 

50. Concentrates bin having a capacity of 25 tons. From (49) and (67); 
delivers, via tram caj-s and track scales, to (82), 

51. Tailings bin having a capacity of 75 tons. From (49) and (67) ; delivers, 
via tjam cars and track scales, to the tailings dump, 

52. Sixteen-inch belt conveyor '*P/' having a conveying length of 106 feet 
and elevating the ore 32 feet. From (20); delivers eitiier to (53) or (57). 

53. Sixteen-inch belt conveyor *' N',*' having a conveying length of 21 feet 
and elevating the ore 9 feet. From (52); delivers to (54). 

54. Sixteen-inch hvh conveyor *'Qi*" having a conveying length of 122 feet 
and el^'Vating the ore 15 fot^t. From (53); delivers to (55), 

'}'), Storage bin, No. 1), having a cai>acity of 700 tons. From (54); delivers, 
via seven gates, cluitis and automatic feeders, to (50). 

56, Sixteen-inch belt conveyor " R/' having a conveying length of 125 feet 
and elevating the ore 7 feet. From {55) via traveling plunger feeder and dis- 
tributor; delivers to (57)* 

57. Sixteen-inch belt conveyor "N/' having a conveying length of 50 feet 
and elevating the ore 22 feet. From (52) and (56); delivers, via chute, to (58)» 

55. Sixteen*inch bt It conveyor **Oj'^ having a conveying length of liS5 feet 
and elevating the ore 20 feet. From (57); delivers to (50). 

59. Three bins, No. 11, each having a capacity of 12 tons. From (58); 
each deliver.s^ via two automatic worm feedej-s^ to (60). 

60. Twelve mechanical roasters, No. 1, of the Herreshoff type, with ^ix 
hearths each, usin^]!; crude oil for fuel. From (59); deliver roasted ore to (61), 

01, Swinging conveyor No. 2, 91 feet long and water-cooled. From (60); 
delivers to (62). 

62. Swinging conveyor, No, 3, 50 feet long and water-cooled. From (61); 
delivers cool oie, via chute, to (53). 

63. Sixteen-inch belt conveyor "T/' having a conveying length of 150 
feet and elevating the ore 17 feet. From (10) and (62); delivers, via chute, 
to ((>4). 

64. Sixteen-inch belt conveyor ''U/' having a conveying length of 150 feet 
and elevating the ore 27 feet. ' From (63) ; delivers either to (65) or (79). 

65. Sixteen-inch belt conveyor '* Y/' From (64); delivers to (66). 

66. Storage bin, No. 15, having a capacity of 10<) tons. From (47), (65), 
and (73); delivers, via automatic feeder, to (67). 

67. One Wetherill type-VlI magnetic separator. From (66) ; delivers con- 
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centrales to (50), middlingg!, which are made only when treating 0.5 to 1.3- 
miUimeter material, via chute, to (6S) and UuHii^s to (51)* 

6S. Sixteen-ineh ht'U. foiiveyor **V" having a conveving Irngih of 87 feet 
and elovatint^ the ore i'y fr^ei. I'roni (411) and (67); delivers to (BIJ), 

Ci{i. Sixteen-ineh elevator '*A'' elevating the ore SI feet. From (68) and 
(72); dehvej'8, via chute, to (70). 

70. Screen tower, No. 3, having:: screenn with 0.75-miIIinictrr holes. From 
(69); delivers oversize to (71) and utidersize to (73). 

71. Bin, No. 17, having a capacity of 100 tons. From (70J ; delivers, via 
two automatic feeders, to (72). 

72. Two middliuga re-erushing rolls, No. 4. From (71); deliver crushed 
ore to ((U». 

73. Sixteen-ineh belt conveyor '* W" havin^^ a conveyine: length of 37 feet 
and elevating the ore 10 feet. From (70); delivpi-s either to (56) or (74). 

74. »Sixteen-inch belt conveyor "X." From (73); delivers to (75). 

75. Storage bin, No. 14, havini; a capacity of 50 tons. From (74); delivers, 
via three avitomatie feeders, to (75). 

70. Three Wetherill belt-type magneiie separators, Nos. 11, 12, and 13. 
From (75); deliver concentrates to (77J and tailings to (7S). 

77. Concentrates bin having a capacity of .50 tons. From (7(>) and (80); 
delivers, via tram cars and track scales, to {S2). 

7S. Tailings bin having a capacity of 150 tona. From (76) and (SO); 
delivers, via tram cars and track scales, to the tailingB dump. 

79. Storage bin, No. 13, having a capacity of 150 tons. From (64) ; delivci*s, 
via ten automatic feeders, to (SO). 

80. Ten Wetherill belt-type magnetic separators, 
(79); deliver concentrates to (77) and tailings to (78). 

81. Relay bin having a capacity of 7 Ions. From 
Icare and track scales, lo (S2). 

82. Five loading-station bins. From (50), (77), and (81); deliver, via rope- 
way, to smelter. 

An auxiliary boiler is maintained in the roasting department for the atomiza- 
tion of oil to the roasters by means of steam. The oil in delivcreil from a large 
tank to which it is pumped. There is an exhaust fan for the fine-crushing 
department which discharges into a C3'clone <lust-collector. Du.st is taken from 
the collector and rjclivered, via tram cars, to a st-(jrage bin. There is also a 
dust collector near the l>ottoni of the stack for the roasters and it delivers, via 
tram cars, to storage bina. 

Poiecr, 



Nos, 1 to 10. From 
(7); delivers, via tram 



In the power station there are .six 125 horse-power boilers, fed by two feed 
pumps, and delivering steam to three 250 horse-power engines which in turn 
[ drive three lS5-kilowatt generators. Switchboards and stepdown transformers 
deliver current to the variou,s motors as follows: 



One 175 horBe-power motor dr{ve» 
" 130 " - 

• 50 

* SO 



32 hcinc- 
25 *• 
10 " 
10 " 
6 *• 



(19). (23). 1251 {211 (29). (31), (34)« imd the exhaust fan. 

(2). (3), (10). fln4 (M). 
" (47), (m, (ft4), (65), (67), (68), mX (72). (73), (74), (76). and (SO). 

(41), (43), (41), (45). (6S). (<W), ffiO. (62), iimJ {(13). 

" " " a 34 kiliiwair tlircci currrnt genctatnf ut fumbh exdling cunrcnt for Ibe magnetic Bcpa- 

iwwer motor drivw (35), (36), (37). (3ft). (40), (62), (53), (64). (66). *nd (67). 
'* " " ihc machioerv in ihr tor^c and tuacMne sihap. 

(4) and (6). 

" {»). (12), (13), (14), (lfl>. ud (17). 
*• (21). (2(1), and (30). 
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This plant in thoroughly equipped with offices, drafting rooms, laboratories, 
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and forge and machine shops. All tramming is performed by electric lo»- 
motives and cars. 

All measurements as to capacity of bins, dimensions and elevations of con- 
veyors, etc., were taken from blue-prints and may not be accurate, but aie 
closely so. A peculiar feature of this mill lies in the fact that there is but one 
elevator. 

§ 1501. Mill No. 169. Giroux Consolidated Mines Company, Eli. 
Nevada.** — This mill hjis a capacity of 800 tons per 24 hours. The ores coor 
sist of two classes.'" The first class, and probably the principal ore of tte 
future, is made up of the economic mineral chalcopyrite in a monzonite ganguf. 
Considerable chalcocite and a little melaconite are also present in this class of 
ore, which will run about 60% in silica and an average of 3% in copper. Vihk 
the first class is composed of sulphides obtained from the lower workings, the 
second class is made up of oxidized ores in a talcose-quartz gangue and average 
about 1S% in copper. Some ore running still higher in copper is also coo- 
centratcMl, but most of the ore running 18%, or better, in copper is sent direct 
to the smelter, (jold and silver are present in variable amounts and, together 
with the copper min(»rals, make up the economic values. The problem, there- 
fore, is to save the copper, gold, and silver values. The mill was built by the 
Traylor Engineering Coinpany.*^ Ore from the mine is delivered, via tram 
cars, to (1). 

1. Sciuare bin wath a 30 X 40-inch ore gate in the bottom and a capacity 
of 1,500 tons. From the mine; delivers to (2). 

2. Blake breaker with a 15 X 24-inch jaw opening, making 250 thrusts 
per minute. From (1); delivers crushed ore to (3). 

3. S(iuare bin with a 20 X 24-in(*h ore gate in the bottom and a capacity 
of 800 tons. From (2); delivers to (4). 

4. Fourteen-inch plunger feeder. From (3) and (13); delivers to (5). 

5. Steel chain elevator with 24-iiich cast-iron buckets placed 18 inches apart. 
From (4); delivers to ((>). 

6. Scpiare mill- bin with a 20 X 24-inch ore gate in the bottom and a capacity 
of 1,000 tons. From (5); delivers to (7). 

7. Fourteen-inch plunger f(»ecler. From (6): delivei*s to (8). 

S. Trommel, .'3.5 X 6 feet, making 25 revolutions per minute and having 
0.25-inf'h round i)unched holes. Fi'om (7) ; delivers ovei*size to (9) and under- 
size to (10). 

9. Traylor rolls, 14 X 42 inches, making 90 revolutions per minute. From 
* (8); deliver cruslunl ore to (10). 

10. l^levator with a rubber })elt having lO-inch cast-iron buckets placed 
IS inches apart. From (S) and (9); delivcM's to (11). 

11. Sampler, 4S incluvs in diametc^r. From (10); delivers sample to (12) 
and reject to (13). 

12. Coning floor. From (11); delivers sample to assaver and rejects to 

13. Two trommels, 42 X 104 inches, making 25 revolutions per minute and 
having two screening sections. The first screen is of wire cloth and has 4 meshes 
to the inch, the second is of wire cloth and has 20 meshes to the inch. P>om 
(11) and (12); deliver the material on 4 mesh to (4), material between 4 and 
20 mesh to (14), and material through 20 mosh to (21). 

1 L Traylor quintiplex jigs with 2 X 4-foot screens having 4, 6, 8, and 12 
meshes to the inch and a capacity of about 500 tons per 24 hours. From (13); 
deliver concentrates to (34) and tailings to (15). 

15. Dewatering wheel. From (14); delivers sand to (16) and water to 
(25). 
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16. Rigid rolls, 14 X 42 inches, making 90 revolutions per minute. From 
(15) ; deliver crushed ore to (17). 

17. Elevator with a rubber belt having 16-inch cast-iron buckets placed 
18 inches apart. From (16); delivers to (18). 

18. Four single-unit CJentripact screens with 20 meshes to the inch. Run 
wet. From (17) ; deliver oversize to (19) and undersize to (21). 

19. One 6-foot Chili mill with a screen having 20 meshes to the inch. From 
(18); delivers crushed ore to (20). 

20. Two 4-inch centrifugal pumps. From (19); deliver to (21). 

21. Six single-unit Ccntripact screens with 30 meshes to the inch. Run 
wet. From (13), (18), and (20); deliver oversize to (22) and undersize to (25). 

22. Ninteeen Wilfley tables. From (21); deliver concentrates to (34), 
middlings to (33), and tailings to (23). 

23. Two 4-spigot Traylor mechanical classifiers. From (22), (26), (28), and 
(33); deliver overflows to (29) and spigots, as tailings, to (24). 

24. Tram cars. From (23); deliver to dump. 

25. Two redwood settling-tanks, 16 feet long by 6 feet deep by 6 feet wide 
at the top and tapering to a point at the bottom. From (15) and (21); deliver 
spigots to (26) and overflows to (27). 

26. Nineteen Wilfley tables. From (25); deliver concentrates to (34) and 
tailings to (23). 

27. One redwood slimes-tank with details as in (25). From (25); delivers 
spigot to (28) and overflow to (29). 

28. Six Frue vanners making 150 0.5-inch throws per minute. From (27) ; 
deliver concentrates to (34) and tailings to (23). 

29. One redwood settling-tank with details as in (25). From (23) and (27); 
delivers spigot to (32) and overflow to (30). 

30. One Triplex pump, 7X8 inches. From (29); delivers to (31). 

31. Two redwood settling-tanks with details as in (25). From (30); deliver 
spigots to (32) and overflows to (35)* 

32. Slimes (Lump. From (29) and (31). 

33. P'our Wilfley tables. From (22) ; deliver concentrates to (34) and tail- 
ings to (23). 

34. Concentrates bin. From (14), (22), (26), (28), and (33); delivers to 
smelter. 

35. Mill-water feed tank, made of redwood and holding 100,000 gallons of 
water. Frorri (31); delivers water to mill system. 

The concentrates run about 22% in copper, 0.26 ounce in gold, and 2.25 
ounce^s in silver per ton and represent a recovery of 86.7% of the values. 

Labor and Wnge9, 

The mill operates three 8-hour shifts per day and 7 days a week. The 
average wage is $3.75 per shift. 

Power and Water, 

One hundred and seventy-five horse-power is required to run the plant and 
this is developed by steam. 

The water comes from the various mine shafts and 1,000 gallons are required 
per ton of ore milled. Of this amount 800 gallons are conserved for re-use. 

§ 1502. Mill No. 170. Concentrator of the Steptoe Valley Smelting 
AND Mining Company, McGill, Nevada.**^ — The mill has a total capacity of 
4,000 tons per 24 hours and is divided into three units of two sections each.*^ 
The plant handles the ores from the Cumberland Ely Copper Company's mines 
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and fjuMi tlio mines of the Nevada ConBolidatecl Copper Company in about equali 
proportions. The Curnherhmd Ely ore contains the minerals ehalcocite. pyriti?, 
chalc()pyrit(\ mrlafoitiU\ nntj^Metite^ and limonite as well as ^okl and silver 
vuhies ofcurring in a quartz-porphyry ganguc. Thiy t.-rude ore will ns^ay about 
iis follows: SA\)[l in r'opper, 15* {, in iron, about 50 to 67 Tt of whirh in in the 
form of pyrite and the remainder mostly as magnetite with a little limonite, 
0.01 ounce of gold, and 0.2 ounce of silver per ton. The Nevada Consolidated 
ore is of a Hiuulnr nature and ocLorrenee, with the following exceptions: In the 
(*nrde state it will assay 2,3% in copper and 4%. in iron which is wholly in the 
fonn of pyrite, no nuignt4it(^ or linnmite being present. 

Till* econonuc nuncruls, in each case, are evenly and fint^ly disseminated 
throughout the gangue which necessitates fine crushing. The problem is to 
save the copper^ gold, and silver values. 

Each unit is eoiuposed of two similar sections. One scn'tion only will be de- 
gci*lbe(L The Cumberland Ely ores are screened at the mine while tlie Nevada 
Consolidated ores are screened at the concentrator. Ore from the mine goes to 

1. Shaking grizxly, 4 X 7 feet» with 2. 125-inch spaces between the burs which 
have a slope uf about IS. 5° and make &) throws per minute. From the mine; 
delivers oversize to (2) ami \uidersize to i'S). 

2. Two No, 7*o McCulh gvralorv lireidvers. From (1); deliver crushed ore 
to (3), 

3. Eighteen-inch biit conveyor. Fiom (1), (2), and (5); delivei-s, via auto- 
matic distriliutor, to (6). 

4. Ore bin^ 30.5 feet wide by I9.2r> feet deep by bSD feet long. For ore from 
the Cumberland Ely Copper Company's mines. From the nunc, in railroad 
ears; delivers, via cast-iron gates, into ti mnnnted hopper which carries an 
electricallyniriven Challenge fetMler, Tlie hopper and feeder travel the length 
of the bin and tlischarge onto (5K 

5. Eighteen-inch Kribins belt convevor running at right angles to (3). 
From (4); tlelivers to (3). 

0. Automatic sami>len From (3) ; delivers sample to assay er and rejects 

7, Distributing bin, 11 feet w if I e by 10 feet deep by 32 feet long, conmion 
to two sections. From f6) ; delivers, via automatic Chnllenge feeder making 
7 revolutions per nu'nute, to (S). 

8. Tronunel, 12 X Si inches, with 0.62o-inch round holes and making 18? 
revolutions per miniile. Driven by worm antl wheel. Imoui (7); delivers over 
size to (y) anrl nndersize to (U)). 

[K Ailis-Chahners style **A'' rolls, 15 X 3(Mnches, making SI revolutions 
per minute an(J using Midvale steel sheds having a life of al)out 1 year. From 
(S); deliver crushed ore to (12). 

10. Trommeb 42 X 72 inches, with 0.375-ineh roun<l holes and making 18. 
revolutions per minute. Driven by worm and wheel. From (N) ; delivera 
oversize to (11) and undersize to (12), 

11. AUis-Chalmcrs style " B " rolls, 14 X 36 inches, making9S revolutions p(*P 
minute, unrl using Midv^de steel shells havini: a life of about 1 year» From (10) 
and (13): dtiivcr rnishefl i>re to (12), 

12. Two 20-inch (levators with 10-pIy belts, speeds of 365 feet per minute, 
and malleal>k*-ir()n buckets, X 7 X IS in rhes, set 20 inches apart. One ia 
used and one held as a spare. From {If). (HJ), (11), (15), (17), (18), and (19); 
deliver to (13). 

13. Trommel, 42 X 42 inches, divided into two st^ctions with 0.1 875'inrh and 
0,3125-ineh openings respectively, and making IS revolutions per minute.. 
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Driv(^n by worm and wheeL From (12); lU^livens matrriiil lurgcr ihan 0,312.5 
iiu'h to (1 1), 0.3 125 to O.l87o-m('h material to (15), and material through OJ875 
inch to (U). 

14. Eif^ht trommels, 3X6 feet, with 2-inillimetor round holos and making 
18 revolutions per minute. Driven by worm ami wheel. From (13); deliver 
oven^ize to (19) ant! underside to (20). 

15» Three Traylor jig.s with bra.s.s cloth sieves, 20 X 30 inches, of 5 mesh, 
14 wire. The plunj^ci^ make 17n ^^tnikcs per minute. From (13 1; deliver 
discharges to (4t)) ; huteli produetis, if rich enough, to (40) but if not rich enough 
to (12); and tailings to (16). 

10. Dewatering screen, 3X3 feet, with 2-milIimeter round piujclied holes 
and making IS revolutions per muuite. From (15) and (19); delivers oversize 
to (17) and undersize to (IK). 

17. Allis-rhalmer.s style '*JV rolls^ 14 X 30 incht^s, nuiking 114 revolutions 
per minute, and using Mid vale steel shells having u Hie of attout 1 year. From 
(16); deliver crushed ore to (12). 

15. V-shuped settling lank, 3.5 feet wide l>v 4 feet deep hy 7 feet long. 
From (10); delivers settlings to (12) and nverflow to waste. 

U*. Nine Traylor jigs with brass cloth sieves of S mesh, 17 wire. From (14) ; 
deliver dis<*harges to ( Ui) ; hutch products, if rii4i enough, to (40) but if not rich 
enough to (12); and tailings to (16). 

20. Eight 2-.spigot Richarda' vortex classifiers. From (14); deliver the 
first spigots to (21), sec<jnd spigots to (22), and overflows to (26), 

21. Nine No. 5 Wilfley tables making 240 thrusts per minute. Fnun 
(20); deliver concentrates to (40), slimy headwaters to (23) or waste accord- 
ing to the ability of the tanks to settle the water, and tailings to (23) or 
waste. 

22. Ten No, 5 Wilfley tables. From (20); deliver concentrates to (40), 
slimy headwaters to (23) or waste aec(>rding to the ability of the tanks to settle 
the water, and tailings to (23) or waste. 

23. Four S-foot Callow tanks. From (21) and (22); deliver spigots to (24) 
and overilows to waste. 

24. Four 0-foot Hu!itington mills crushing through slotted punched screens 
with 20 meshes to the inch arifl niakin*!; 65 revolutions per minute. Only two 
ur three of these mills are in use at one time. From (23) and (27) ; deliver pulp 
to (25). 

25. Two IS-inch elevators with 8-ply belts having speeds of 375 feet per 
minute and mallealjle-ircin buckets^ 5X6X10 inches, set 2 fec^t apart, Only 
one used, one being held as a spare. From (24); deliver to (2(1^. 

26. Two dewatering tanks. From (20) and (25); deliver pulp to (27) and 
overflows to (2S), 

27. Five double Callow screens with 30 meshes to the* inch. From (26); 
deliver ovei'size to (24) and undei-si^ie to {2H), 

2H. Four 4-compartmrnl Spitiikasteu. P>om (20) an< I (27); deliver the first 
and second spigots to (29), third spigots to (30), fourth spigots to (31), and over- 
flows to (32). 

29. Eight No. 5 Wilfley t;d}l(^s. From (2S) ; deliver concentrates to (40), 
slimy head watei*s to (35), and tailings to (33). 

30. Four No. 5 Willley fables. From (2S) ; deliver concentrates to (40), 
slimy head waters to (35), and tailings to (33). 

3L Eight No* 5 Wilfley tables. From (28); deliver concentrates to (40), 
slimy h<*adwaters to (35), and tailings to (33), 

32. Ten 8-foot Callow tanks. From (28) ; deUver spigots to (34) and over- 
flows to waste. 
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33. Eight 8-foot Callow tanks. From (29), (30), and (31); deliver spigot* 
to (36) and overflows to w[iste* 

34. Twenty No. 5 WilHi^y tablos. From (32); deliver concentrates to (4^1 
slimv headwaters to (35), and middlings iind tiilling8 to (38). 

35. Eight H-foot Callow tanks. From (29), (30), (31), and (34); deliver 
spigots to (37) and overflfjws to waste. 

3f>. Sixteen Alli?^-Chahners 6-foot Frue vanners with corrugated belts. 
Make 190 throws per minute. From (33); deliver concentrates to (40) and 
tailings to waste. 

37. Sixteen Allis-Chahner.s 6-foot Frue vanners with smooth belts. Make 
I!iy throws per minute. From (35); deUver concentrates to (40) and tailings 
to waste. 

38. Eight 8-foot Callow tanks. From (34) ; deliver spigots to (39) and ove^ 
flows to waste. 

39. Sixteen Allis-Chalmers 6-foot Fnie vanners with smooth belts. Make 
190 throws per minute. From (38); deliver concentrates to (40) and tailings 
to waste. 

40. Two steel concrntrates-bins, 28 feet in diameter and 6 feet deep, with 
cocoa matting in tht^ bottoms to act as filters. From (15), (19), (21), (22) 
(29), (30), (31), (34), (36)o(37), and (39); ih^Hver, vra Bhiisrlell exravator, 
throu^fx centers into lO-ton hopper-bottomed steel cars which go to the smeher 
The water goes to waste. 

There are two tailings launders ]>n.ssing along the ends of the unit antl each 
attached to the automntic samph-r, ho that dift'erent ores may be run in tht? 
unit at the same time. The automatic sampler deliver;^ the sample to the 
assay er and n*jeets to waste. 

§ 1503. Mill No. 171. Cuxcentratok No. 6 <if the Ahizoka Copper 
Company, Limited, MoKExri, Arizcjna.'^* — - The capacity of this mill is about 
790 tons pvv 24 hours. ^ ^^* The company has five other concL-ntrators in openi- 
tion, tht* capacity of each varying from 209 to 400 tons per 24 hLuirs.'^ The 
econonuc mineral, chaU*ocite, is finely disseminated tlimugh a siliceous gangue. 
The ore runs about 3.25*^'^, in copper with slight vahirs of gold and silver present. 
Some oxide ami carbonate copper minerals are also present. The problem is 
to save the coi)]>er. The ore, loadi'd into cars at the mine, runs automatically 
on a trestle an<l is delivereil to (1). 

1. Four 250-ton cylindrical steel-tans, eath 31.25 feet high by 15. S3 feet 
in inside diann-ter. The circuhir stf'(4 sin lis rest on, and are aoehoTcd to, 
octagonal concrete founthitions which also act as bottoms. From the mine 
cars; d(4iver^ via hoppers, to (2). 

2. One of two coarse-ore shaking feeders of the swinging type operated by 
a Wilfley motion and making KM) L75-inch throws per njinute. Has a slope 
of 3.75 inches to the foot. From (!); delivei-s to (3). 

3. One of two Hluke-type Farrell breakers with an IS X 36-Inch jaw ojicn- 
ing making 250 thrusts per minute and brcLiking to three inches. From (2); 
deli vet's crushed ore to (4). 

4. t)ne of two bumjjing feetlers of the suspended type operated by a iwolvin] 
cam at US throws per minute. Frr>m VA); ihlivors to (5). 

5. One of two Clialmers and Williams Cornish-type rolls, 16 X 42 inche»| 
making 73 revolutions per minute and crushing to 1.25 inches. From (4) 
delivers cJiished ore to (ti). 

6. One IS-inch horizontal Stephens-Adamson belt conveyor with a eon- 
veving length of 41 feet and a speed r^f 343 feet per minute. From (5); delivei 
to (7). 

7. One 18-inc!i inclined Stephena-Adamson belt conveyor with a conveyiii] 
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length of 315 feet, a slope of 25°, and a qjeed of 300 feet per minute. From 
(6); delivers to (8), 

8. One of two 50-ton cylindrical steel-bin:3, each 18 feet high by IK 5 feet in 
diameter. Timber bottomsi, with discharge openings, 24 X 30 inches*. From 
(7); delivers to (9). 

9. One of two fine-ore shaking foedei-s of the suspended type operated by a 
Wilfley motion and mak:in|!: 120 throws per minute. Una a slope of 3.25 inches 
to the foot. From (8); delivers to (10). 

10. Two of three tronimels, 4 X 9 feet, each divided into three sect ions. Two 
sections Inive 0.(>2r)-inch screens and one has a F25-incli screef]. Ihivt* slopes 
of 4 inches in 17 feet and speeds of 30 revolutions j>er niiiiute. From (D) and 
(14); tlehver 0.625 to 0-inch material to (11), 1.25 to 0.025-ineh nutttiial to 
(12), and the ovei"^!?,e to (13). 

11. One of two 5-compartment Hancock jigs. The first 2.07 compartments 
have 0.25-inch punched-plate screens nnd the last 2.33 compartments have 0.5- 
ineh punchetl-i>late screens with three or four 0.t>25-inch holes in each, t X 9- 
inch pocket iJi tlie last of the thirrl conii>artment and tlni first of the fourth. 
The plungers nnake 175 strokes per minute and the *l riving shaft makes 58.33 
revolutions per ndnute. From (10); delivers concentrates to (30)^ miihllings 
to (14), tailings to (15), and overflow to (31). 

12. One of two double-compartment Ilarz jigs witli 0. 1S75-inch punched- 
plate scret^ns. Tln^ plungei's, 2 X 2.75 feet, make 2.125-inch strokes and the 
eccentric shaft makes 137 revolutions per minute. From (10); tlelivers con- 
centrates to (30) and tailings to (15). 

13. One of Iwo rolls crushing to 0.75 inch and %viili other details us in (5). 
From (10): deliver crushed OJt* to (14). 

14. One of two verhcal elevators having a belt speed of 358 feet per minute, 
and buckc^ts, 7 X 14 int^hcs, spaced 21 inches apart, which elevate the ore 38.5 
feet. The pulleys are 14 X 30 inches. Fnuu (II) and 03); ih^livcrs to (10). 

15. Three of four special heavy -pat t(*rn O-foot Huntington mills made by 
Chalmers and Williams. Crush through 5-millinieter screens ond makt* 00 
revolutions per minute. The mills aw geared three to one and titled with 
12.5 X 32-inch pulleys. Each mill has a capacity of 250 tons ]jer 24 hours. 
From (11) and (12J; deliver pulp to (10). 

10. One of two 2-stage inclined eh^vators, having belt speeds of 377 feet 
per minute^ slopes of 1.5 inches to the foot, and buckets^ 9 X 21 inthes, spaced 
21 inches apart, which elevate the ore 30 and 30 feet or a total of 00 feet. The 
pulleys are 24 v 30 inclies. rrum (15) and (17); delivers to (17). 

17. One of two .'l-compartnient Hancock jigs. The first 2.67 compartments 
have 0.1S75*inch puucheil-phite scrtM/jis and the last 2.33 compartments have 
0.25-inch puncljed-plate screens. The plunt^ers make 175 strokes per minute. 
From (10); delivers concentrated to (30), ndddlinga to (10), tailings to (18), 
and overflow to (31). 

IS. Two of three Huntington mills crushing to 1.5 millimetei"s and with 
other details as in (15). From (17); deliver pulp to (19). 

10. tine of Iwo 5-compartment Hancock jigs. Tlx' first 2.07 compartments 
have 8-mesh cop[)er-wire screens, ami the last 2>33 compartments have 3.5- 
milliineter puncherl-plale screens. The plungei-s nuike 183 strokes per minute. 
From (18) and (20); delivei^ concentrates to (30), nnddling^ to (20), tailings 
to (21), and overflow to (31). 

20. One elevator having l>uckets, 6 X 10 inches, wdiich elevate the ore about 
18 feet. Twenty-four inch pulleys are used. From (10); delivers to (19). 

21. Cone separator. From (19); delivers coarser material to (23) and finer 
nmterial to (22), 
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22. One of two vertical elevators having a belt ppeed of 358 fet^t per miDUt© 
aod biiekots, 9 X 24 inches, spared 21 indu\s apurt, which elevate the ore 21.5 
feet. Tht^ pulleys are 21 X 30 inches. Fruni (21 1 and (24); delivei^s to (2.5). 

23. One of two vertieal elevators liaving hyrket.s, 7 X 14 inehes, spaced 
21 inehes apart, which elevate the ore about 14 feet. From (21); delivei-s to 

24. Two Huntington mills enishing through 1-millinieter screens ajid having 
other details as in (15). From (23); deliver pulp to r22). 

2i}, Two 4'C<fmpurtment hydraulie ela.ssitierrt. From (22); deliver the fim 
spigots to (2('0, the accontl spi*,^uts to (27), the third spigots to (28), the fuuith 
spigots to (2t)), and no overllows. 

2(k Eleven \u. 3 W iff ley tables making 249 strokes per minute. From (2a); 
deliver concentrates to (30) and tailings to (31). 

27. Eleven 6'foot Frue vanners with coirugatenl belt.s making 20() throws 
per minute. From (2.3); deliver coneentrates to (30) and tailings to (31), 

25. Eleven G-foot Frue vanners B'ith smooth belts njaking 190 throws per 
minute. From (25); deliver concentrates to (30) and tailings to (31). 

29. Seventeen t>-foot Frne vanners with smooth belts making 200 throws 
per mmute. From (25); deliver concentrates to (30) and tailings to (31). 

30. Three of six lOd-ton settling bins. From (ID, (12), (17), (1*^), (2f»), 
(27), (2S)^ and (2'J) ; deliver drained concentrates, via cars, to smelter and water 
to (34). 

31. Automatic samplers. From (11), (17), (19), (20), (27), (2S), and (29); 
deliver samples to assayer and rejects to (32). 

32. Classifiers. From (31); deliver coarser material to (35) and finer nm- 
terial to (33). 

33. Tw(*nty-four reinforced-conerete tanks, each 16 feet deep by 9.5 feet 
in inside diamet(*r with conical bottoms sloping at 53^^. From (32); delivei 
clear water overlfows to (34) and the thickened pulp to (35). 

34. Pump. From (30), (33), (35), and (30); delivers to null service tank. 

35. Settling reservoir, 11 feet deep by 130 feet in diameter, divided intti 
four compartments each capal>le of holding 4,000 ton.s. Each compartment 
has a draining system and a filter bottom through which the remaining water 
iif removed. A re%^olving cantilever crane, in the center of the reservoir, with 
a 2.5-ton clam-shell bucket, removes the drained tailings. From (32) and (33); 
delivei*s ilrained tailings to (36) and water to (34). 

36. Two 150'ton bins, with filter bottonis, lueated at the foot of a two-track 
incline of 35°, From (35); deliver taiUngs, via mine cars, to the mine for tilling 
and the water to (34). 

The average saving for the 6 months ending Marcli 31, lOOS, was 7S%. 
The ore is treated successively by three Hancock jigs ami sampling, extend- 
ing over a period of about 2 months, gave the following average results: 

Numtier (11) Hancock jig, coarse feed ,.»*,.*,*,,***** ..S-fil perceot copper 

* " " " Uilinaa IM " ''^ 

(17) " *' medium feed ,.,,213 '* 

***'"" " lailings...,..,,,^,,. 1.5S 

(19) " " fimft-cd ]M " 

" " tamogs................. L4a " 

In each case the feed sample is enriched by the addition of the middlings 
product which is returned to the jig. During this time the mill showed an ex- 
traction of 70% of the total copper and, of this, o4*\'. was taken out by the jig 
system which includes 3 Hancock jigs and the Hiirz jig. Allowing 7% for 
the IJarz jig (12), this gives the extraction by the 3 Hancock jigs alone m 47% 
of the total copper in the ore, or (j29i of the copper extracited. This 47% 
extraction was made up by the three jigs as follows; 
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Number < 1 1) or coarse BiiDcock 29.0 pt*rceni 

(macmiddJe '* 13.0 " I 

U9)«fi« *' * fit* " 

Totil .........47!o * I 

Labor, 

The mill runs every day in the year excepting Christmas and July fourth, 
and regularly employs a total of 92 men per 24 hours on three S-hour shifts. 
Both American and .Mexican labor is employed per 24 hours iis follows: 1 fore- 
man, 2 shift bosses, 1 timekopptT, 2 wd^hers^ 10 raek-houne nu-n, 2 rofk-house 
ore pickers, 8 Huntington miljmen^ 12 vainier and tablfmi-n, 9 nn^n on tiie taidvS 
and pumps, 4 oilers, 4 engineers, 6 firemen and helpers, 3 tronunel nu'n, 9 jig 
men, 4 men at the concentrates bins, 7 swampers and roustabouts, and S repair 
men. 

Poiver. 

There arc three 250 horse-power Stirling boilers, set in a steel bouse. The 
main engine room is in the mill building: itself ami contains a 250 horse-power 
Nordberg cross-con)])ound engine, 12 X 24 X 30 inches, which tbives the Han- 
cock jigs, Huntington milts, elevators, and re-erushing rolls. The electrical 
machinery is driven by another Nordberg engine running at 12o revolutions 
per minute and direct connected to a tienerat Electric Contpany, 210-kiluwatty 
3-phiuse, 25-cycle, 440-volt generator which operates the various motors. The 
lights and crane (which is useil in the daytime only) are operated by a high- 
speed Ball engine i^lircct connected to a 75-kilowatt, 2-phase, 60-c3'cle, 220- volt 
generator. Nernst lamps are used throughout tiie null. 

§ 1504. Mill No. 172. Detroit Coppeu Mining Company of Arizona, 
MoRKNCi, Ahizona.*^ — The capacity of this plant is 1 ,100 tons in 24 hours.*^" 
The ecanoniic minerals are the sulphides of copper, cliiefl}' chalcocite. The 
gangut* is highly siliceous and carries 40^,-^, alumina, which necessitates careful 
hancihng during concentration. The average copper content of the milling 
ore is froni 3 to 3.r)'7 . The problem is to save the copper. Taljle 550 gives 
analyses of such of the ores and products as are shipped to the smelter. 

Crasher Plant. 

The crusher plant has a capacity of 135 tons of ore per liour. It serves the 
whole mill and of)crntcs one shift only p<T 24 hours. The ore con^'s from the 
mine in cars and is dumped to (1). 

1. Coarse-ore storage bins. From mine cars; deliver, via mechanical fccd<'r, 
to (2). 

2. Belt conveyor. From (1^; delivers to fS). 

3. drizzly wath 2.25-inch spaces bt^wei^n the bars. From (2) ; delivers over- 
size to (4) and undersize *o (9). 

4. No. 7i dates breaker, breaking through a 3.5-inch ring. From (3); 
delivers crushed ore to (5). 

5. Trommel with 2.25-inch round holes. From (4) ; delivers oversize to 
(6) and undersize to (9). 

C. Picking belt. From (5); delivers all ore above 8% in copper to (7) and 
residue to (8). 

7. Bin for smelting ore. From Oi) ; delivers, via car?, to smelter. 

8. Four Blake breakers, two having 10 X 20 and two having 12 X 20-inch 
jaw openings. Breaking through a 2.25-inch ring. From (6) ; deliver crushed 
ore to (9). 

9. Main delivery belt. From (3), (5), and (S); delivers to (10). 
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Sampling Plant, 

The fjamplin^ plimt has a capacity of 100 tons per hour, It serves the whole 
mill and opiTates one shift only ptT 24 liours. 

10. Automatic sampler. From (9); tleliveni sample to (11) and reject to 
(22). 

11. Mixing drum. From (10); delivers to (12). 

12. Vezin sampler. From (11); delivers sample to (13) and rejected ore 
to (21). 

13. Mixer, Fruin (12); delivers to (14). 

14. \'ezin sampler. From (13); delivens sample to (15) and rejected ore 
to (21). 

15. Rolls. From (14); deliver crushed sample to (16). 

10. Vezin sampler. From (15^; delivers sample to (17) ami rejected ore 
to (21). 

17. Rolls. From (16); deliver crushed sample to (IS). 

IS. Vezin aami>ler. From (17); delivers sample to (19) and rejected ore 
to (21). 

19. Sample pocket. From (IS); deliveni to (20), 

20. Sample grinder. From (19); delivers cru.shed .sample to assay office 

21. Elevator. From (12), (14), (16), and (IS); delivers to (22). 
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This is divided into two sections, both alike^ each of 550 tons capacity per 24 
liours. Only one of these sections is ilcicribed below. 

22. Hichard.'ion s automatic weighing scales. From (10) and (21); deliver 
to (23). 

23. Mill storage bins. From (22); deliver to (24), 
21. Plunger feeder. From (23); delivers to (25). 
25. Tronnnel with J -inch round holes. From (24); delivers oversize to 

(26) and undei^size to (27). 

2f>. Roughing rolls, ItJ ;< 40 inches. From (25); deliver crushed ore ta 
(27). 

27. Elevator. From (25)^ (26), (31), and (35); delivers to (28). 

28. Trommel with 0.(>25-iurh round holes. From (27) ; deli%''ers oversize' 
to (29) and undersize to (32). 

29. Two 1 -compartment jigs with two j igs held in i-eserve. From (28) ; deli vei 
concentrates to (71) and tailings to (30). 

80. Dewalering shaking j3<R'en. From (29); delivers ore to (31) ami watef 
to (59). 

31. Re-grinding rolls, 16 X 40 inches. From (30^; deliver crushed ore tof 

32. Trommel with 0.5-ineli round holes. From (2S) ; df4ivtTS oversize W 
(33) and undersize to (36). 

33. Two 2-compartment jigs with two jigs held in reservt*. From (32), fed 
w^ith 0.(i25 to 0.5-ineh stulT; fleliver concentrates to (71) and tailintrs to (34) 

34. Dewatering sluiking hiunder. From (33) antj (37); delivei*s ore tO' 
(35) anil water to {59} . 

35. Re-grinding rolls, 16 X 40 inches. From (34); deliver crushed ore toi 

36. Trommel with 7-millimeter holes. From (32) ; delivers oversiice to (37) 
and unih^i*sij?e to (3H). 

37- Three 2-compaitment Jigs with one jig held in reserve. From (36), fed 
with 12.7 to 7-millimeter stuff; deliver concentrates to (71) and tailings to (34)., 
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38. Trommel with 5-millimott*r hoUvn, From (36); delivers oversize to 
(39) and und*Tsi/>e to (41), 

3U, Three 3-<*ouipartiiit»iit jig;s. From (3s), fed with 7 to o-miliinjeter stufT; 
deliver eoneentrates to (71) and tailings to (40). 

40. Distributing launder. From (39), (42), and (44); delivers to (45), (46), 
(47), antl (4S), 

4L Trommel with 2-5-millimeter holes. From (3S); delivers oversize to 
(42) and undi-rsize to (43). 

42. Four 3-compartmeot jigs. From (41); deliver concentrates to (71) 
and ttulings to (40). 

43. Hydtaulie c!u.ssifien From (41); delivers the first spigot to (44); 
second, third, fourth, and fifth ypigols to (4U); and overflow to (54). 

44. Four 3-compartnient jigs. From (43); deliver concentrates to (71) and 
tailings to (40). 

45. ChiU-mill tank, No. 1. From (40); dehvoi-s Hpigot to (50) and over- 
flow to (59). 

46. Chiii-mill tank, Xo. 2. From (40) and (5S); delivers spigot to (51) 
and overflow tu (5*|). 

47. (Iiili-nilll tank, No. 3. From (40) and (58); delivers spigot to (52) and 
overflow to (59). 

48. Chili*mill tank. No. 4. From (40); delivers spigot to (53) ami over- 
flow to (59). 

49. Four Wiifley tabk^s, Fiom (43); deliver concentrates to (71); tailings 
to (51), (52), :md (53); antl backwater to (59). 

50. Chili mill. Xo. 1, crushing through a 2.5-millimeter screen. From (45); 
delivers pulp tt^ (5*1). 

51. Cliili mill. No. 2, crushing through a 1.5-millimefer screen. From (4ti) 
and (19); delivers pulp to (5(i). 

52. (*hili mill, No. 3, <*ryslung through a 1,5-milIimetcr screen. Fmm (47) 
and (49); < I clivers pulp to (5(>). 

5^1 Chili mill, No. 4, crushing through a 1.5-milHmeler screen. From (48) 
and (49): delivers pulp to (5(3). 

54. Four settling tardvs. From (43); deliver spigots to (55) and overflows, 
clear water, to (fK)). 

55. Four Wiifley tables. From (54); deliver comenlrates to (71), tailings 
to (50), and backwater to (59). 

56. Hydraulic classifiei*s. From (50), (51), (52), (53), and (riry); delivers 
nine spigots to (57) and o%^erllow to (01). 

57. Eleven Wiifley tables. From (50); tleliver concentrates to (71), mid- 
dlings and backwater to (5S), and tailings, via autonnitic sampler, to (05). 

58. Elevator. From (57); delivers to (40) and (47). 

59. Slimes-settling tanks. From (30), (31), (45), (10), (47), (4S), (49), 
and (55); deliver spigots to (61) and overflows, clear water, to (00), 

60. Pump. From (54) and (59); delivers clear water to head tjf mill. 

61. V-box cla-ssifier. From (50) and (59); delivers spigots to (02) and over- 
flow to (03). 

02. Twenty Fruc* vanners. From (61); deliver concentrates to (71) and 
tailings, via automatic sampler, to (05). 

03, Settling tanks. From (01); deliver spigots to (64) and overflows, clear 
water, to f70). 

6*1. Twenty Frue vanners. From (63); deliver concentrates to (71) and 
tailing.^, via antomatic sampler, to Hv}), 

65. Automatic sampler. From (57), (62), and (64); delivers rejected tail- 
ings to (66) and sample to assayer. 
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66. Conical tanks. From (65) ; deliver coarse tailings to (67) and overflows 
to (68). 

67. Impounding dam. From (66). 

68. Slimes-settlmg tanks. From (66); deliver thickened slimes to (69) and 
overflows, clear water, to (70). 

69. Impounding reservoir. From (68); delivers slimes to waste and clear 
water to (70). 

70. Pumps. From (63), (68), (69), and (71^; deliver to head of mill. 

71. Concentrates bins. From (29), (33), (37), (39), (42), (44), (49), (55), 
(57), (62), and (64); deliver overflows to (70) and concentrates, via ears, to 
smelter. 

TABLE 550. — ANALYSES OP SHIPPING PRODUCTS FROM DETROIT COPPER COM- 
PANY'S MINES. 



Percent. 



SiOa 
Fe .. 
AlsOa 
CaO. 
MgO 
Cu .. 
S.... 



Sorted 
Sulfides. 



24.5 
20.9 
10.G 
Trace 
Trace 
19.9 
23.8 



Screening from 
Concentrated Ore. 



45.0 
16.5 
10.0 
0.6 
0.2 
7.7 
17.7 



49.8 
9.6 

20.1 
0.3 
0.5 
7.0 

11.0 



Smelting 
Sulphides. 



34.5 

16.4 
21.2 

0.5 
Trace 

5.8 
19.5 



Slimes 
from Con- 
centrator. 



66.9 
1.4 

24.5 
4.3 



2.1 



Fine Con- 
centrates. 



26.0 

23.7 

6.2 

Trace 

Trace 

16.0 

25.0 



Manganese 

Blue Mine 

Carbonate 

Ores. 



44.0 
13.2 
17.7 
5.5 
3.1 
6.7 



Montezuma 
Mine 
Oxide 
Ores. 



34.3 
12.4 
15.7 

8.2 
3.3 
7.7 



The concentrator has a floor area of 106 X 240 feet. About 1,800 gallons 
of water are in constant use. The sampling mill, above the concentrator, is 
connected to the ore bin by a 400-foot conveyor belt. Both the concentrator 
and sampler are run entirely by electricity, furnished by four 150 horse-power 
gas engines. 

Experiments in 1904, on oil concentration, were not successful as regards 
this process. 

The automatic samplers used after (57), (02), (64), and in (65), consist of 
a vertical metallic slot which cuts the tailings stream. These slots are all 
mounted on the same moving carriage, therefore move across the stream at 
the same rate. They are also of uniform width, therefore the weights of the 
samples give the relative weights of the materials treated on (57), (62), and 
(64). The three latter samples when combined in proportion to the relative 
weights should check the sample from (65). 

Pourr. 

Gas power is used extensively throughout the mine, mill, and smelter, except 
for hoists and locomotives. A Loom is generator with capacity to supply gas 
for 1,000 horse-power consumes New Mexico soft coal, using 1.5 to 1.75 pounds 
of coal to develop 1 horse-power hour. This gi\es a saving of 30% in fuel 
expense. The power house, 64 X 200 feet, is of steel and has concrete founda- 
tions. It contains Crossley gas engines which develop 1,920 horse-power. Two 
100 horse-power engines drive the blowers for the furnaces, connected by a 
300-foot blast main. One reserve engine is kept. Two 200 hoi*se-power engines 
furnish electric power at 250 volts. This is stepped up to 2,500 volts at the 
power house and then carried to the mine, where it is stepped down to 250 volts. 
A 500 horse-power engine drives the compressor that furnishes blast, at 8 ounces, 
to the converter. 
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Water, 

The mill at Morenci is abf^lutely without water, rxeept what ig pumped from 
the wells on the San FrancLsco River, a distance of 6 miles. It is nece^sajy to 
raise the water 1,500 feet. 

Krhe awnse mofithly <xmsiimptkin f<»r l!KK1i for th*^ cnnrrnErainre (exclusive df water for power) wa>* . . . A,41S,054 ftaUua&. 

The water for powrr, smdimi!, con^-crtini;, mininjf/ ami baiiling of ore, was »...*....* 3,£^7.0T5 " 

iJifid lor cloii»e»tic purpoocs in camp . « ...,.*.»,.,...... 5.21J 1,741 " 

Toljd ctmsuRU'ilon per month *..... * . » 14,297 JTO '* 

Avrr I. in of wutcr per ton of ore in miHing * 250 " 

I Aver ' ion o| water per moaih per inhabitiiat (or domcstiic use 8A0 ** 

TrMn I jji 10 ftionths ....,..,......*... 217,W1 ions. 

t Fiimactj LunJcxi. a^xinige ...».^«...<,. *...* i.t....<..*.4>.**4<'.«. ..*...<> 1 4,>'i^Nl " 

j Popuklion of lown ......** ,,,.! ,.,,.. iiUOO 

§ loOo, Mill No. 173. The Cananea Oonholid.^ted Cupper Companv, 
Concentrator No. 2, Cananea^ Sonora, Mexico.'* '* — This mill hay a capacity 
of about 2,000 toiLs per 24 hours and is divitled into four 700-ton soetion.^.**' '*** 
The plant wu.s designed by L. 1). Ricketts ^^* and rost, erected, about -^LCjO/HXK 
It is of the hiilside typr anil terraced through<nd, has concrete foundations hud 
on a rock ba.^e, steel fraimwork and iron sidrs and iT)of. All the Hours arc 
wooflen and rest on foundations which are indt'peiident of those on which the 
machines rest. It is kicated between tht; mines and the Kmehern. 

The company owns 10,412 acres of hind all located in the State of Sonora^ 
Mexico, about 20 miles south of the Arizona border.*^*' It also owns the town 
site of La Cananea and franchises for electric lighting, water worlcs, ii-e plants, 
traction system, telephone sei^ice, etc., and is thoroughly ami modernly equipped 
with all necessities and many luxuries. Hiiil roads, hospitals, l>iLkenes, saw- 
mills, clubs, stores, houses, and numerous other tlungn of a similar nature arc 
owned or controlled by the company. 

The ore deposits occur in shear zones between altered limestone and poiphyry 
<Hke8 and as replacements in the latt(T. All known oxide^ carbonate, and sul- 
phide minerals of cii|>per occur and also considerable niitive copper which is 
auriferous and argentiferous. 

The siliceous ore bodies are concentrated to eliminate the gangue which is 
of tale and occasional massive quartz carrying large quantities of native copper, 
a little massive chalcocite, and a small amount of pyrite. The important 
mineral to recover is the soft chalcocite fouml in the talc. Zinc and other 
refractor^' minerals do not occur. The condjined capacity of the concentrators 
and smelters is about 4,000 tons daily and tire ore handled in 1005 averaged 
3*S4% in cop|>er besides the gold antl silver values. Everything is performed 
automatically and ahout 3.(5 tons are put into one. 

The problem is to save the copper, gold, and silver. 

The ore comes from the mines, via narrow gauge railroad, and h delivered 

1. Eight coarse-ore bins of 2^000 tons total capacity. From the mines; 
deliver to (2). 

2. One 30-inch belt conveyor. From (1); delivers to (3). 

3. Two grizzlies with 1-inch .spaces between the bai-s. P^rom (2); deliver 
oversize to (4) and undei*size to (JO). 

4. One 30-inch belt conveyor. Four men pick ore and waste from this belt. 
From (3) ; delivers hand-picked chalcocite and native copper, via cars, bin, and 
narrow §auge railroad, to smeher; clay, via cai-s, to waste; and milling ore to (5). 

5* Five breaker ore-biuB. From (4); deliver to (6). 
C. Five automatic feeders. From (5); deliver to (7). 
7, Five Bloke breakers with 10 X 20-inch jaw openings. From (6); deliver 
■crushed ore to (8), 
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8. Five rolls, 15 X 30 inches, tTushing through a l-inch ring. From (7); 
deliver crushed ore to (9)* 

0. One iS'inrh belt conveyor. From (S) ; dfUveitj to (10). 
10» One IS-iiich belt conveyor. From (3) and (9); delivers to (11), 

Serving Ttm Sefiiom, I 

11. Six steel rrnshccl-ore storage biu8 having a rombined capacity of 6,400 
cubic feet or 2, MX) tons. PVorn (10); deliver ort! crushed to pass a 1-inch iing^ 
via six automatic pan feeders, to (12), 

12. One l()-in{'h Robins belt conveyor of 3 X O-jily conveyor belting with 
a conveying knj::th of 225 feet, a speed of 235 fcfH per niinuto, an inclination of 
IS^^jauda life of afj^mt 3 years. llatuUcs 1,400 tons per 24 hours and requires 

10 horse-power. Frfun (11): <lelivrrs to (VA), 

Ki. One lO-incli Robijis l)clt conveyor of 3 X G-ply conveyor belting with 
a conveying Icn^tli of 1S7.5 feet, a speed of 235 feet }>er niiimte, an inclination 
of 1S°, and a life of about 3 years, llundlcs 1 ,4(HJ tons per 24 hours and requires 

11 horse-power. From (12) and (17); delivers to (11). 

11. Automatic sainph^r. From (13); delivers sample, which is cut rlown ia 
the usual manner to a size suitable ftir assay ^ to sample room and residual ore 
to (15) and (Hi). 

15. One lf> inch Rrdiins belt conveyor of 3 X O-ply coin^yor hehing with 
a conveying l*'nglh of 57.5 feet, a speeil of 2 Hi feet per minute, an inclination 
of 10.5-, luid a life of about 3 years. Handles 700 Jons ]ier 21 hours and reouires 
3 horse-power. One IhjU for each section of the mill. From (14); d(4ivers, 
via distributor, to (!S). 

16. One 400-ton enKTgency storage bin or ^'Oveiflow bin,'* Conveyors 
(13), (15), and (17) are on an independent motor, .so that w'hc*n short of ore in 
(11), or when having trouble with (1-), or whenever it becomes necessary to 
use same, ore is taken from (lt>) and <leUvereti, by means of (17), to (13). 
From (1 1): delivers to (17). 

17. One Roljins belt conveyor of 3 X 6-pIy ronve^^or belting with a conveying 
length of SI, 5 feet, a speed of 235 feet per minute, and an inclination of 18^. 
Kuns intermittently. I^'rom (Iti); delivers to (13). 

Conrenbrttor in Four Sertions. 
(Only Seclion '*/)*' w Described. AH TonmigeH Given are Dry Wei/jhts.) 

18. Two trommels, 4 X 5 feet, making 1(> revolutions per minute and having 
0.625-inch round holes punched 1 inch between cent^^rs in 0.3125-ineh steel 
without a margin, and inclinations of 0.75 inch to the foot. Each is made up 
of two sections of two pieces each, 30 X 76 inches, rolled lengthwise to 4 feet in 
diameter. The four (jieces weigh, when new, 510 pounds anrl have an averaee 
life of 70 days; 0.021 pound of the screen steel is consumed per ton of ore 
handled, and the trommels together handle 700 tons per 21 hours besides lOS 
galluns of wash water per minute. From (15) and water from (41); tleliver 
16S tons of oversize pvv 21 hours to (24) and 532 tons of uudei"size per 24 
hotirs tr> (HM, 

19. Two trommels, 4 X 5,33 feet, making H> n^vohitions per minutx? and 
having OJ{75-inch roumi holes punchetl 0.75 inch br^t ween centei-s in 0.25-inch 

eel without a mar«;;m and in(4inaf ions of 0.75 inch to the foot. Each is made 
of tW'O sections of two |)ieces eacli, 32 X 7G inches, rolled lengthwise to 4 feet in 
meter. The four pieces w^eigh, when new, 4S,S pounds and have an average 

i3 of 40 days; 0.02S pound of the screen steel is consumed per ton of ore 
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handled and the trommels together handle SG4 tons per 24 hours besides 52 gal- 
lons of wash water per minute. From (18), (22), (23), and water from (U); 
deliver 187 tons of oversize per 24 houi*s to (25) and 077 tuns of under^ize per 
21 hours to (20), 

20. Two trommels^ 4 X 5.33 feet, making 10 revolutions per mmute and 
having 0.1875-inch round holes punchetl 0.375 inch between centers in No. ID 
steel with a 1-inch margin on the sides, and inclinations of 0.75 inch to the foot. 
Each is matle up of two .sections of two ]jicces each, 32 X 7G inches, rolled length- 
wise to 4 feet in diameter. The four pieces weigh, when uew^ 280 pounds and 
have an average Hfe of 30 days; 0.027 pounfl of screen steel is coneumed per 
ton of ore handled and the trommels together handle (i77 tona per 24 hours 
besirles 32 gallons of wash water per minute. From {10} and water from (41); 

t deliver 115 tons of oversize per 24 hours to (32) and 5G2 tons of undersizc per 
24 hours to (21). 

21. Four trommels, 4x5 feet, making 16 revolutions per nu'nute and having 
2-millimeter round holes punched 0.3125 inch between eenters in No. 10 steel 
with a 1-ineh margin on the sides, and inclinations of 0:75 inch to the foot. 
Each is made up of three sections of two pieces each, 32 X 70 inches, rolled 
lengthwise to 4 feet in diiuneter. The six pieces wei^h» when new, 11J8 pound.s 
and have an average life of 12 flays; 0.030 pound of screen steel is consumed 
per too of ore handled and the tronunels together handle 562 tons per 24 
hours besides 00 gallons of wash water per minute. From (20) and water from 
(11) ; deliver 120 tons of oversize per 24 hours to (38) and 430 tons of undersize 
per 24 hours to (33). 

22. One IS-inch elevator with 13-ply friction belting having a speed of 460 
feet per minute, a life of 20 months, antl 50 buckets^ 8 X 10 inches, which ele- 
vate 102 tons of ore per 24 hours, with no addition of water, 52 feet, ami have 
a life of 3 months. Three hundred and twenty 0.375 X F 5-inch elevator 
bolts, having a iife of 3 months, are used. The head pulley is 4 fei't in diameter 
and makes 40 revolutions per minute. From (24) ^ (20), and (30); delivers to 

(19). 

23. One IS-ineh elevator with details as in (22). Handles 170 tons of ore 
per 24 hours, with no adtlition of water. From (25), (27), and (31); delivers to 

(ly). 

24. Two 1-compartment Harz coarse jigs with sieves, 24 X 40 inches, of 
4-mesh, 12- wire brass cloth, each piece having a life of 80 days and a weight of 
21 pounds. The plungers, 21 X 40 inches, make 115 2.5-inch throws per minute 
and the beds are H inches deep. Two horse-power is required to operate (^ach 
jig wliicli handles 108 tons per 24 hours besides 90 gallons of wash water per 
minute. One jig is used and one held as a reserv^e. From (IS) and water from 
(41), fed with 1 to 0.025-inch material; deliver 6 tons of concentrates per 24 
hours, via side gate discharges, to (00), 12 tons of hutch products per 24 hours 
to (22), and 150 tons of tailings per 24 hours to (28). 

25. Two l-cornpariment Harz fine jigs with details as in (24), except that 
the plungers make 130 throws per minute and each jig handles 187 tons per 24 
hours besides 05 gallons of wasli water per minute. One jig is used and one held 
as a reserve. From (19) ami water from (41), fvd with 0.625 to 0.375-inch 
material; deliver 17 tons of concentrates per 24 hours, via side gate discharges, 
to (60), 10 tons of hutch products per 24 hours to (23), and 160 tons of tailings 
per 24 houi*s to (29). 

20. One set of Allis-Chalmer*s, class ''B'* rolls, 10 X 36 inches, crushing 148 
tons of ore per 24 hours to 0.5 inch and requiring 45 gallons of wash water per 
minute and 11 horse-power to operate. The Midvale steel shells weigh, when 
new, 2,S60 pounds and have a life of 150 days; 0.105 pound of shell steel is 
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consumed per ton of ore handled. From (28) and water from (41); deliver 
crushed ore to (22), 

27. One 8et of Allm-ChalmerB, class '*B'' rolk. 16 X 36 inches, crushing 158 
tons of ore per 24 hoiii-s to 0,2r> inrh. Other details as in (26). From (29) 
and water from (41); deliver crushed ore to (23). 

28, One 2-foot bras8 shovel dewaterin^ wheel, weighing 113 pounds and 
lasting 3 yeans. Has 12 Hhoveis made of 0.25-iiich scrap-steel plate having a 
life iif todays. Handles 150 tons per 24 hours. From (24); delivers 148 tons 
of ore per 24 hours to (26) and 2 tons of slimes per 24 hours to (30). 

2'i). One 2-foot brikHS shovel dewaterinjj; wheel with details as in (28), except 
that this wheel handles 160 t<ins per 24 hours. From (25) • delivers 158 tons 
of ore per 2 1 hours to (27) and 2 tons of slimes per 21 hours to (31). 

30. Shovel-wheel Spit^kiisten. From (2S) ; ilelivers 2 tons of ore through 
the spigot i)er 21 hours to (22) and the overflow to (3S) as wash water. 

31. Shovel-wheel Spitzkasten. From (29) ; delivers 2 tons of ore through the 
spigot per 24 hours to (23J and the overflow to (3S) as wash water. j 

32. One double 2-eonipartraent Harz jig with sieves, 23.5 X 35.5 inches, 
of 4-niesh, 12-wire brass cloth, each piece havinji; a life of SO days and a weight 
of IS pounds. The plungers, 21 X 40 inches, niiike 16*i 1-inch throws per minute 
and the beds are 4 inches deep. Requires 1 horse-power to o])cratc and handler 
1 15 tons per 24 hours. From (20) and water from (II) , Un\ with 0.375 to 0.1S75- 
incli material; delivers 10 tons of concentrates per 2t hours, via side gate dis- 
charges, 1o (60); 12 tons of hutch products per 21 hotirs, as com'entnit<\s, to 
(60); and 93 tons of tailings per 24 hours to (14). 

33. Two double 3-compartment hytlraulic classifiers of the *' Richards- 
Coggin'' type, handling 436 tons per 24 hours with an ad<lition of 150 gallons 
of hydraulic water per minute. From (21) ; deliver 155 tons per 24 hours through 
the first and second spigots to (42), 100 tons per 21 hours through the third 
spigots to (43)^ and ISl tons per 24 houi*s in the oversows to (34). 

34. One 4-compartment Spitzkasten handling !S1 tons per 24 hours. From 
(33); delivc^i-s 55 tons per 24 hours through the spigots to (47) ur (53) and 126 
tons per 24 hours in the overflow to (35). 

35. Two pulp thickeners, 10 feet in din meter hy 12 feet deep, handling 126 
tons per 24 hours. From (34); deliver 21 tons per 24 hours through the spigot* 
to (50) 11 nd 105 tons per 24 hours in the overflows to (36). 

The Spitzkasten system (36) and (37) has *J,000 cubic feet, capable of hand- 
ling 450 gallons of slimes per niimite. There are 33 compartments having a 
total surface ar(\a of 2,170 squaie feet of water. With a f(*ed of 150 gallons of 
slimes per minute, the following diviHion is made: 

250 gallons of pulp per minute 

200 *' clear water per minute 

In other words, this represents 22 cid^ic feet per gallon of slimes handled per 
minute and 10.85 sqnan* feet of surface area per gallon of clear water per minute. 

36. lq>per section of Spitzkasten system handling 105 tons per 24 houJ^. 
From (35) ; delivers 105 tons per 24 hours at a thicker consist enc3% through 
spigots, to (37) and 113 gallons of clear water per minute, as overflows, to (54), 
(56), (57), and (59). 

37. Lower section of Spitzkasten system handling 105 tons per 24 hours 
From (36) ; deUvers 105 tons per 24 hours at a thicker consistency, through 
bigots, to (59) antl 25 gallons of clear water per minute, as overflows, to (54), 

a), (57), ami (59)- 

38. Three double 2-compartment Harz jigs with sieves^ 23. S X 35.5 inches,' 
5-raesh, 14-wire brass cloth, each piece having a life of 50 days and a weight 
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of 14 poumls. Tlie plungprs, 21 X 35 mrhes, make? 170 l-iin-h tliro^^ por inimite 
and the hvds are 4 iof^hes rlof^p. Earh jig roquiros 1 hnrfse-powor to ope nit e it 
and together they hiirulle 120 tons per 24 hours. From (21i and \va.sh water 
from (30) and {31), fed with 0.1875-ineh to 2-mniiineter material; deliver 10 
ions of eoneent rates per 24 hours, via side gate discharges, to (60); 24 tons of 
huteh products per 24 hours, tm concentrates, to (60) ; and 92 tons of tailings per 
21 hours to (44). 

39. Spitzkasten handling 50 tons per 24 hours. From (45); delivers 50 
tons per 24 hours at a thicker crmsisteriey, thrnujrh spigot, to (47) or (53) and 
300 gallons of clear water pvr minute, as overflow, tr> (40), 

40. One C-incli centrifugal pump handling 300 gallons of clear water per 
minute. From (IWr, delivf^rs to (41). 

41. \^'ater box or supplv tank. From (40); delivers w^at^h water, via fi-ineh 
centrifugal pump, to {lS)/(iy)^ (20), {21), (24), (25). (2t)), (27). and (32). 

42- Two double 3-eonipartment liarjs jigs with sieves^ 23.5 X 35.5 inches, 
of brass cloth. Tlie fii-st compartments have mesh, 10 %vire, each piece having 
a life of 30 days and a weight of 10 pounds. The last 2 compartments have S 
meEnh, IS wire, each i>iece liaviug a life uf 25 days and u weight of 7 ptainds:. The. 
plungers, 21 X 35 inches, mak<' 200 0.502ri-inch throws per minute and thelieds 
are 4 Inches deep. Ea(4i requires 1 horse^power to operate and together lli^y 
luintllc 155 tons per 24 hours, From (33), each jig handling the product of 
one set of .spigot.s; deliver 50 tons of huteh proilucts per 24 hours, as concentrates, 
to (OOJ and 105 tons of tailings per 24 houi-s to (14). 

43. Two double 3-compartnient HarK jigs with all details as in (42). (42) 
and (13) together use 84 gallons of wash water per minute. (43) handles im 
tons per 24 hours. Fnun (33); deliver 30 tons of hutch prothicts per 24 hours^ 
BS concentrates, to (bO) and 70 t<ms of tailings per 21 houi^ to (44). 

44. Four 2-ifoot brass sliovel dewatering wheels, with details as In (28), 
handling 360 lous per 24 hours. From (32), (38), (42), antl (4:3) ; deliver 310 
tons of ore per 24 hours, via distributor^ to (40) and 50 tons in t^limes per 24 
hours, as overOows, to (15). 

45. One chip catcher which is compo^^lnl of 40 squan^ feet of S-niesh, 10- 
wire brass cloth. Handles 50 tons per 24 houm. From (44); delivers allchipa 
and floating matter^ as oV(^rsize, to \vast«' an^l -lO tons of slimes per 24 hours, as 
undcrslite, to (31)). 

40. Four 5-foot Bryan mills nuiking 3*4 revolutions per minute. Each 
requires IS horse-power io operate and tog<'ther they crush 335 tons per 24 
hours thnnigh a 1.5-milfitneter screen. Kacli die weighs, when nrw, l,0^i4 
poumls and has a life of 120 days. Each tire weighs, whi^n new. 3,072 pounds 
and has a life of 210 days. Five screens weigh. wIm'U new, 19 pounds and have 
a life of 7 days. For eacli ton of ore treated O.Hi55 pound of die steel. ().i:'J2H 
pound of tire steely and 0,0032 |>ountl of screen steel, or a total of 0.3015 pound 
of steel is consumed. From (44) and {3'y); deliver 335 tons per 24 hours, as 
pulp, to (47). 

47. P^our dewatering boxes handling 335 tons per 24 hours. From (34) 
and (39) or (46) ; deliver 320 tons per 24 hours, as pulp, to (4S) and 15 tons of 
slimes per 24 hours, as overflows, via dit^trlbutor, to (51). 

48. Two double 3-compartment hydraul!"' classifiers of the "Richards- 
Coggin*' type, handling 320 tons per 24 hours. From (47); deliver spigots, 
amounting to 170 tons per 24 hours, to (56) and 144 tons in the overflows to 
(49). 

49. Spitzkasten handling 144 tons per 21 liours. From (4S) ; delivers spigot.*^, 
amounting to 84 tons per 24 hours, to (54) and 60 tons of slimes per 24 hours 
in the overflow to (52). 
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r>0. One 10-inch elevator with ll-p!y friction belting having a speed of 356 
foH per minute^ a lift* of 1 ytnir^ and 2f) buckets, 5 X 8 inches, which elevate 
HiO tuns of ore per 21 hours 14 feet and have a life of 1 year. One hundred 
0.567*') X l/2o-in(*h elevator bolts, having a I iff* of 1 year are u^^ed. The head 
pulley iri 2 feel iu diameter. From (51); rlelivers KM) tons per 24 hour^5 to (59). 

51* Three pulp thickeners, 10 X 18 feet, handling HK) tons per 24 hours. 
From (17) imrl (52); deliver 100 tons per 24 hours, as pulp, through the spigots 
to (50) and 30 tons per 24 hours in overflows to ((>2|. 

52* One 6-inch centrifugal pump lifting 175 tons per 24 hours 25 feet. From 
(49), (54), (50), and (57); delivers 175 tons per 24 hours to (51)* 

53. One 4-compartruent hy<lraulic classifier handling 105 tons per 24 hours. 
From (34) and (31>) ,' delivers l05 tons per 24 hours, yia spigots, to (57) and the 
overflow to (02). 

51. Six Wilfiey tables handling 84 tons per 24 hours besides 42 gallons of 
wash water per minute* From (49) and wash water from (3f>) and (37) ; deliver 
J* tons of concfMitrates per 24 hours to ((>!), 8 tons of middlings per 24 hours to 
(55), 27 tons of slimeji per 24 hours to (52) » and 40 tons of tadings per 24 hours 
to (62). 

55, One lOdiich elevator with 11-ply friction belting having a speed of 356 
feet per minute^ a life of 7 months, and 00 buckets, 5 X 8 inches, spaced 15 
inches apart, which elevate 25 tons per 21 hours 43 feet and have a life of 7 
months. Two hundred and fifty 0.5675 X L25-!neh <4evutor bolts, having 
a life of 7 months, are used. The head pulley is 2 feet in diameter. From (54) 
and (5*)); delivt*rs 25 tons per 24 hours, via distributor, to (46). 

50, Thirteen Wilfiey tables handling 170 tons per 24 hours besides 91 gal- 
lons of wasli water per minute. From (4S) and wash water from (36) and (37); 
deliver 20 tons of concentrates per 24 hours to (61), 17 tons of mi<ldlings per 
24 hours to (55), 58 tons of slimes per 24 hours to (52), and 81 tons of tailings 
per 24 hours to (62). 

57* Eight Wilfiey tables handling 114 tons per 24 hours besides 56 gallonii 
of wash water per minute. From (53) and (5S) au<l wash water from (36) and 
(37); deliver 12 tons of concentrates per 24 hours to (61), 9 tons of middling 
per 24 hours to (58), 30 tons of slimes per 24 hours to (52), and 63 tons of tail- 
uigs per 24 hours to (02). 

58. One lO-ineh elevator with 11-ply friction belting having a speed of 356 
feet per nu*nute, a life of 1 year, and 40 buckets, 5 X 8 inches, which elevate 
9 tons per 24 hours 26.5 feet and have a life of 1 year. One hundred and fifty 
0,3125 X 1.25-iueh elevator bolts, having a life of 1 year, are used. The head 
pulley is 2 feet in diameter. From (57) ; delivers 9 tons per 24 hours to (57). 

59. Thirty-six Frue vaiuiers hanriling 2S0 tons per 24 hours besides IDS 
gallons of wash water per minute. From (35), (37)^ and (50), and wnsh water 
from (36) and (37); ile!iv(T 32 tons of concentrates per 24 hours to (61), and 
254 tons of tailings per 24 hours to (02), 

60* Coarse-concentrates bins. From (21), (25), (32), (38), (42), and (43); 
deliver 159 tons of coarse concentrates per 24 houi-s, via narrow gauge railroad, 
to smelter. 

61. Fine-concentrates bins. From (54), (56), (57), and (59); deliver 73 tons 
of fine concentrates per 24 hours, via narrow gauge railroad, to smelter. 

02. Scoby sampler for the tailings. It has an opening 0,5 inch wide and 
takes a cut every 10 minutes traveling the full width of the tailings stream, 
6rst from one siile and then from the other. Handles 468 tons of tailings per 

hours. From (51), (53), (54), (56), (57), and (59) ; delivers sample, assaying 

>ut 1.0% in copper, to the lissayer and about 408 tons of rejects per 24 hi 

(63), 
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63. Coarse^and tank handling about 46S tons per 24 hours. From (62); 
delivers settlings to Wiistn and the overflow tn (iM), 

64. Fine-sand tank. From (63); tieliverH settlings to waste, climes to (66), 
and overflow to (65). 

65. Water-t^ettling system of 132,000 cubie feet capacity. From (64); 
delivers spigots to (06) and clear water overflow to (70), 

66. One 6*inch centrifugal pump. From (64) ami (65); delivers pulp to 
(67). 

67. Thirty-two eanvas-top alimes tables. From (66); deliver settled mate- 
rial to (6S) and tailings to waste. 

6.S, Eight 6-foot Frue vamiers. From (67); deliver concentrates to (69) 
and tailing>> to waste. 

69. Slijiies-concentrates bin. From (68); delivci-s concentrates to briquet- 
ing plant and thence to Bmelter. 

70. Four Worth ington, 2-stage centrifugal pumps. From (65) ; deliver to (71 ). 

71. Two redwood water-tanks of 100,000 gallons capacity each. From (70) ; 
deliver to mill system. 

The fine concentrates from the Wilfleys tables as \\iA\ as the varmers are 
delivered from earh row of machines to a common lauiKlcr. In this laumler 
there runs a convt^vor bfdt a!)out 4 inches in width and traveling al>out 2 feet 
per sfH'ond. This tn^lt has riveted uijon its under i^'\i\t' narrow transverse strips 
of belting which enable the conveyor belt to drag the concentrates through the 
launder much as the discs in the disc conveyor drag ore through a trough. The 
i^eparatc conveyoi*s, each serving a row of tables or vanners, discharge to a 
rornmon conveyor which delivers finally to the cuncentratr* bin. The advantage 
of this method of removing the roncent rates over the usual methods lies in 
the saving of mill height and labor. 

About 75% *^f **h the ore mined by the company is of a second class or con- 
centrating grade running from :\,s to 4' L in copper. The avi rage saving in 
the older concentrators lias been from 73 to -SO';., varying with the amount of 
aluminous material in the ore, and this concentrator is probably doing even 
better work. 

The smelter product is auriferotis and argentiferous blister copper, which 
is refined elect rolytically by the Xichols Chemical Company of New York, under 
a long-term agrrcment, for $15 per ton. The copper product is sold by the 
American Metal Company, Limited. 

Labor and Wages, 

The mines, mills, and smelter employ upwards of 4,000 men, 85% of w^hom 
are Mexicans. Abuut 3(>0 Chinese and several hundred skilled Americans are 
also employed. The wages for .Vmerieans average from S3, 50 to $4 and for 
Mexicans about 3 Pesos per day. 

Power and Water, 

The power used for running the mill is electrical and is generated by steam. 

The mines supply a portion of the water required for concentration, but the 
larger portion for concentration and all the water used in the boilers and for 
domestic purposes i-' secured from a i)umping plant at Ojo de Agua, on the head- 
waters of Sonora River, 9.75 miles from the mine. The pump.^ have capacity 
to force l,750,0rx) gallons daily through a 10-ineh steel pipe line, against a 
head of 967 feet, to a reservoir on the hills above Ronquillo, whence water is 
delivered to the mine, reduction plants, atid towns, under a substantial working 
pressure. The water system of the company has about 25 miles of mains, 
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ranging in size from 2 to 10 inches, and, owing to the cost of securing waterj 
it is chirificd and re-used wherever possible. The milUng process throughout I 
show:5 the great care exercised to save all the water poHsible, and 87.5*^, of ibe 
water used in the concentrators is recovered and re-used^ or each gallon docs 
duty eight times. 

§ 1506. Mill No, 174, Old Dominion Copper Mining and Smelting Com- | 
PANT, Globk, Arizona.'* ^* — The capacity of thij^ concentrator is about 500 tons 
per 24 hours. *"^ The economic minerals are native copper, gold, silver, pyritr 
and ehalcocite occurring tjuite abundantly, as almost impalpable specks in the J 
ores wfiich are of a soft clayey or porjihyritir nature and highly kaoHnized.'" ' 
The gangue is a siliceous porphyry. Tht^ mill feed runs from 3 to 4*^;^, in copper 
witli small Values in gold and silver. The prolileni is to recover the copper 
The mine produces three proflucts/** viz: smelting ore (</) which m delivered, nt 
a dilTcrent time than material from (3), to (1); milling ore (6) which is deHvercfl, 
at a different time than converter lining fr), to (5); ami converter lining {c) 
which is deliveredj at a dilTercnt time than milling ore ib)^ to (5). The distrirt 
Hemls to the phmt, via railroad ears, two prorkicts, viz: smelting ore (d) which 
is delivered, at a difTerent time than milling ore (e), to (1); and milling one (t) 
which is delivered, at a diderent time than smelting ore (d), to (1). 

\, Upjier railroad si fuage-biris."^ ^'** Receive custom ore fr/) anrl (c) from 
the district mines via railroad cars, and deliver fir?st (>/) and then (e) ores to (2). 

2. Mine cars. From (1); deliver^ via adit tnmiel, to (3), 

3. Main mine shaft. From (2) and (D); delivers (d) ores to (4) and (e) ores* 



to (5). 



Crushing Plant, 



4. Ten 70-ton steel receiving-bins, each l.j feet in diameter and lined with 
0.25-inch steel. Receive (a) ores from the mine an<l (>/) ores from (3) and (Jl); 
deliver ores alternately, via 4-foot opening through a hopper with gate and 
spout, to (6). 

5. Six steel rereiviog-bins with details as in (4), Receive (b) ores from 
the mine, (c) material from tlie niioes, and (*) ores from (3) ; deliver ores alter- 
nately^ via 4-foot opening through a hopper with gate and spout, to (6). 

6. One 30-ineh belt conveyor having a conveying length of 122,71 feet, a 
speed of 175 feet per minute, and elevating the ore ll.OS feet. Together with 
counter-shaft, and when ronniag with no load, 2.5 hoi-se-power is required. 
Receives various ores, periodically from (4) and (5); delivers to (7). 

7. One trommel, 4 X S feet, having 2'inch round lioles punched in 0;S8- 
inch ciLst manganese-steel, a speed of 13 revulutions per minute, and a slope of 
1.5 inches to the foot. Re(|uires 3 horse-power with no load. From (0); 
delivers oversize to (^) and undtTsize to (10). 

8. Two Blake breakers with 10 X 20-inch jaw openings, nuiking 250 thllists 
per minute and breaking through a 4-inch ring; Without idlers or load 10.43 
horse-power is required. From (7); deliver crushed ore to (9). 

0. One 3(]-inch picking belt having a conveying length of 43.t>7 feet, a speed 
of 40 feet per minute, anti elevatiug the ore 11.5 feet. With no load 1 horse- 
power is refjuired. From (S) : delivers smelting or(\s to (10) ; converter lining to 
(11) ; and, when runninii: milling ores, delivers first-class ore to join smelting ore 
at (3) or (4) according to wh(4hei^ the ore being run is custom ore or not; and 
belt product to (11). Chips anrl waste are in all cases sent to the waste dump. 

10. One lS*inch belt conveyor having a conveying length of 234.5 feet, a 
.•ed of 400 feet per minute, and elevating the ore 12 feet. For power see(14). 
m (7), (9). (13), and (31); delivers to (14). 

11. One Blake breaker with a 10 X 20-inch Jaw opeiiing, making 250 thrusts 
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per minute, and breaking through a 2.5-in^h ring. Without idler or load 4.33 
horse-power is required. From (9); delivei*s crushed ore to (12). 

12. One 18-inch elevator having a speed of 400 feet per minute and buckets, 
set 16 inches apart, which elevate the ore 29 feet. For power see (13). From 
(11); delivers to (13). 

13. Rolls, 16 X 26 inches, making 60 revolutions per minute and crushing 
through a 1-inch ring. When running with no loads (12) and (13), together with 
the counter-shaft, require 6.0 horse-power. From (12); deliver crushed ore to (10) . 

14. Automatic tripper. (10) and (14) when running with no load require 
4.0 horse-power. From (10); delivers smelting ores to (15), converter lining 
to (16), and milling ores to (17). 

15. Seven 140-ton storage tanks, 15 feet in diameter with hemispherical 
bottoms having cast-iron hoppers and horizontal arc gates operated by hand 
wheel and pinion. From (14) and (31); deliver to (IS). 

16. One 140-ton storage tank with details as in (15) except that the are 
gates are longitudinal. From (14) and (31); delivers to (18). 

17. Two 210-ton storage tanks, 15 feet in diameter with hemispherical 
bottoms having cast-iron hoppei-s. From (14); deliver to (20). 

18. Standard -gauge, hopper-bottomed steel cars of 50 tons capacity. From 
(15) and (16); deliver to (19). 

19. Smelter storage bins. From (18) ; deliver to smelter as required. 

20. Two Challenge feeders, each capable of handling from 20 to 25 tons per 
hour. From (17); deliver to (21). 

21. One 16-inch belt conveyor having a conveying length of 210 feet, a speed 
of 200 feet per minute, and an inclination of 15^. From (20) ; delivers, via 
launder to which water is added and a mixing box, to (32) in the concentrator. 

The crushing plant is operated one 10-hour shift per day with the following 
help: 1 foreman, 2 feeders, 1 crusher and screen man, one oiler, cleaner, and belt 
man, and 1 ore picker. The labor of the regular force on repairs is small and is 
charged to operations. The total cost of labor, materials, workshop, and out- 
side labor for repairs etc., averages l(?ss than 6.7 cents per ton. 

The crushing department easily handles 25,000 tons of ore a month when 
operating one 10-hour shift per day. It can handle 75 tons per hour. 

Power, 

A 70 horse-power motor runs this department and the motor with the main 
shaft, 2 counter-shafts, and 3 idlei*s on 3 other counter-shafts requires 11.0 
horse-power without other load. 

The power consumed by each machine when taken under running conditions, 
separately and with no load, adds up to 42.22 horse-power. All the machinery, 
excepting 3 idlers, running with no load, 10 minutes after starting, after 16 
hours' rest, required 39.06 horse-power. Same as above, after running 1.75 
hours, required 35.59 horse-power. , 

All the machinery, excerpting 3 idlers, running with no load, 10 minutes after 
starting, after 1.25 hours' rest, required 36.19 horse-power. Same as above, 
after running 3.25 hours, required 31.55 horse-power. 

Tests made while crushing siliceous ore for converter lining: 

Test 1. all machinery running loaded 40.08 horse-power required. 

•• 2 " " " " 44.44 

" 3" '* ** •* 62.16 * 

" 4 " " *• ** 44.44 " ** " 

" 5" ** ** " 59.67 " 

•• 6 " " ** '• 63.M ** " *^ 

" 7 ♦• »• *• " 49.68 ♦* •• " 

44 Q «« M M »* 70.01 ** ** ** 

Avwage 6^76 •• - - 
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In the ahovc^test 3 was deteniiined from the maximum figures on an bdiJ 
catur card takru over 30 ♦seeninls time. 7Vsi S was tleterminfd from figunifl 
on an mdiratur card caught at a time of an ob,seiTe<t niaxinmm Umd on th<^l 
engine. Te«t*s 1, 2, 4, 5, 6, and 7 were made when the picking belt showed il 
good average load. I 

Sampling Department* I 

As the or€\s come in. one tenth of ehi^H (c), every tenth car of chLsse« ia)l 
and (^), and every twmtieth mine car of c)a.sse» (b) and (r) are delivered directlv] 
to iH*parate bins in (22). | 

22. Twelve sample bins. From railroad and mine cars; deliver^ each clsussl 
separately, to (23). 1 

213. One 24-inch belt conveyor. From (22); delivei-s to (24). I 

24, One Blake breaker with a 10 X 20-inch jaw opening. From (23);J 
delivens crushed ore to {25). I 

2.3. One 22-inch belt conveyor. From (24); delivers to (26), I 

26. Hulls, Hi X 30 inches. From (25); deliver r-nislied <»re to (27), I 

27. Vezin san»plen From (20); delivers sanipk^ amounting to 10* J, of tlicl 
oritj;inal to (2S) and the rejects to (31). 

28. Belt conveyor. From (27); delivei-s to (29). 

29. Rolls, 14 X 27 inches. From (2S) ; deliver crushed ore to (30). 

30. Jones sampler. From (29) ; delivers duplicate samples, one of which, 
if not needed, can go to (31) and tlie other or iHjth can go to be cpiartcred antl 
ground successively an is usual in samfiling mills, making sampler which go to 
the assaver and rejects which go to (31). 

31. Elevator. Fron* (27) and (30); delivers either to (10). (15), or (16), 

Labor. 

Five men are employed in this department which operates one 10-hour shift 
per day. 

The building is of steel with a sheet-iron suinjiling floor. Resides the ma- 
chinery enumerated there is a small mislu^r and meal null f<jr large ''grab" 
samples. There is also the usual drying and bucking room» with the ueeesfiary 
tools. 

Power. 

The machineiy is driven by a 40 horse-power motor and the maxunmn 
load is about 38.5 horse-power. 

Con ceiU rating D epa r( rnent , 

32. One of 2 trommels, 4X8 feet, with 0.75-inch round perforated holes 
and a slope of 0.75 inch to the foot. The troiiiUiel shafts are 5 inches in diameter 
except in the bearings where they are 3.44 inrhes in diameter. Each ha^s 6 
spider arms, 1.25 inches in diameter, heavy split hubs, ball and sficket bearings, 
and wooden housings. The spirliT arms are riveted to a tire, 0.5 X 3 inches^ 
screweri into the hub and held by a lock mit. From (21); delivers over.size to 
(41) and undersize to (33). 

33. One of two tronunels with 0.375-ineh round perforated holes txml otheT 
details as in (32), From (32) and (50); delivers oversize, via mixing box. to 

^^ (30) and undersize to (34). 
^^L 34. One of two trommels with tj-rnillim*^ter round perforated holes and other 

^^ details as in (32). From (33); dehvei-s oversize, via mixing box, to (37) and 
undersize to (35). 

•. 35. Two trommels with 2.5-millimeter round perforated holes and other 
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details as in (32). From (34); delivers oversize, via mixing box, to (38) and 
undcrsize to (3!J), 

36. Two 1 -compartment Harz jifc^ with sieves, 24 X 40 inches, of 4 mesh, 
12 wire. The plunders, 20 X 40 inches, nmke 1 10 2.*'j-iin4i .strokes per iiiijinte. 
From (33), fed with 0,7o to 0.37rjHiieh material and hydraulic water from (61); 
deliver c&charges, as concentrates, via main launder, to (75), hutch products 
to (50), and tailings to (42). 

37. One 2-compiirtment Harz jigs with sieves, 24 X 36 inches, of 6 mesh, 16 
wire. The pi ungers , 20 X 36 in cho^^ , make 1 70 1 . 5-i n eh st rokes per minu te. From 
(34), fed with 11.53 to 6-milliineter material and hydraulir water from (Gl) ; de- 
li vei*s clischarfi^es, as concentrates, via miiiii launder, to (75) and tailings to (62). 

38. Two 2-comf>artment Harz jigs with sieves, 24 X 36 inches, of 8 mesh, 
18 wire. The plungers, 20 X 36 inches, make 200 0.75-inch strokeH per minute. 
From (35), fed with 6 to 2,5-mil!imeter material and liydrautie water from 
(61); deliver discharges^ as concentrate.s, via main launder, to (75) and tail- 
ings to (62). 

39. Two 2-compartment modified Richards' ehissifiers. From (35) and 
hydraulic water from (61); ileliver spigot.n to (40) and overflows to (44). 

40. Four 3-conipai'tnient Har^ jigs with sieves, 24 X 36 inches, of 10 mesh, 
111 wire. The phmgens, 20 X 36 inches, make 240 0.375-inch strokes pt-r minute. 
From (39) and hydraulte water from (61) ; deliver concentrates, via main launder, 
to (75) and tailings to (13). 

41. One modified Allis-Chalmers rolls^ 16 X 36 inches. From (32); deliver 
crushed ore to (50). 

42. One dewatering box with shovel wheel. From (36): delivers tailings 
to (49) and water to (51). 

43. One dewatering box. From (40). (52), and (53); delivers tailings with 
neeessar)^ water to (70) and remainini^ water to (51), 

44. Spitzkasten. From (3H); delivers spigot to (52) and overflow to (15). 

45. Spitzkasten. From (44); ilelivers spigot to (53) aTid overflow to (4*1). 

46. Three ItJJKJO-gallon redwood pu!p-tiiickeneis^ 10 feet in diameter by 
18 feet dw^p. Tlie liottoms are conical arid have false lining.s. The feed entt^rs 
through a box which extends to within 4 feet of the Ixjttuiu, [ind a pipe, tlirougli 
the bottom, comes to within 5 or 6 fei*t of the water surface and drains off the 
pulj) through a plug fitted with a 0.375-inch nipple. The overflows are col- 
leeted Uy circular hiunders. From (45); deliver spigots, as feed, to (47) and 
"iiverflows, as wash water, to (47). 

47. Nine 6-foot Fine vanners. Fvum (16) and wash water from (46) ; 
deliver concentrates to (4.S) and tailings to (76). 

48. Two 10 X 51-infh Frenler tound pumps working in two stages. From 
(47), (55), (56), (6;V), (6S), (72), and (74); deliver, via launrler, to (75). 

49. One rnodifieil Allis-Chalmeis rolls, 16 X 36 inches. I-'nnu (12); deliver 
crushed tailings to (50). 

50. One IS-inch elevator. From (36), (41), and (49); delivers to (33). 

51. Two slimes-settling bins. From (42), (43), (52), (53), (62), and (69); 
deliver spigots to (54) and overflows, via tank, to (60). 

52. Six No. 5 Wilfley table.s. From (44); <leliver concentrates, via main 
launder, to (75), middlings to (43), slimes to (51), and tailings to (56). 

53. Three No. 5 Wilfley tables. From (45) ; deliver coiu^ent rates, via main 
launder, to (75), midillings to (13), slimes to (51), and taifings to (56). 

54. Three 10,000-gallon pulp thickeners. From (51); deliver spigots to 
(55) and overflows, via tank, to (57). 

55. Nineteen 6-foot Frue vanners. From (54) and wash water from (7S); 
deliver concentrates to (48) and tailings to (76). 
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56. One iJouble-decked round table. From (52) and (53); dellvei's coo- 
cuntratf'S to (48) and tailings to (76)* 

57 Ono 3-indi ct*ntrifugal pump. From (54); delivers pulp to (58). 

58. One slimes-settling bin. From (57) ; delivers spigot to (59) and over- 
flow, via tank, to (60). 

59. Slimeij bin. From (58). The pulp is used as a binder at the briqueting 
plant at the smelter. 

60. One 5-innh centrifugal pump pumping against a 37-foot head. From 
(51) and (5-S) ; delivers water to (61). 

61. Clear-water tank. From (67); delivei-s hydraulic water to (36), (37), 
(38). (39), (40), (64), iuid (71). 

62. One de watering box. From (37) an<l (38); delivei's spigot to (63) and 
overflow to (51), 

63. One 6-foot Wnddell Chili mill bavin ^^ h(*mng-bone steel slotted screens 
with 16 sluts to the ineh, eaeb L07 millinielers wide and sometimes Tyler No. 
71 roI!ed-wii*e s(Teens. Makes about 30 n^volutions per minute and lias ea,st- 
sti'el dies and rings, one set lasting U\i) days. From (62), fed with 6.0 to 0- 
millimeter materia!; delivers pulp to (64). 

64. Two 2-eornpartment nioditted Rieluirds' elassifiers. From (63) with 
hydraulic water from (61); deliver spigots to (*i5) and ovei'6ows Uy (66). 

ii*}. Five Xo. 5 Wilflc'v tables. Fnmj (64) with wash water from (7iS); 
deliver roneentrates to (48)^ middlings and slimes to (67), and tailings to f76). 

66. Spitxkasten. From (64); delivers spigot to (68) and overflow t-o (67). 

67. One 12-inrh middlings elevator. From (65), (66), (68), (72), (73), 
and (74); delivers pulp to (6^). 

68. Three No. 5 Wilfley tables. From (66) with wash water from (78); 
deliver concentrates to (48), middlings and slimes to (67), and tailings to (76). 

6U. One de watering box. From (67) ; delivers spigot to (70) and ov(*r6ow 
to (51). 

70. One 6-foot Waildell Chili mill with 1.5-millimeter round holes punched in 
herring-bone steel and other details as in (r>3). From (43) and (69), fed with 
2.5 to O-millimeter material; (k4ivers pulp to (71). 

71. Two 2-roiupartnit'nt modified Rieharrls' rla.ssifiei's. From (70) with 
hydraulic water froni (61); deliver spigots to (72) and overflows to f73), 

72. Four No. 5 WilHey tabl(\s and 1 Overstrom tiihle. From (71) with wiy^h 
water from (7S) ; deliver conn^ntrates to (48) ^ middlings and slimes to (67), 
and tailings to (76). 

73. Spit/kasten. From (71); delivers spigot to (74) and overflow to (67). 

74. F<jur No. 5 Wilfley tables. From (73) with wash water from (78); 
<leliv»'r concentrates^ via Frenier sand pump, to (48) ; middlings and aHmes, via 
Frctner sand pym]>, to (67); and tailings to (76). 

75. Automatic concentrates .sampler which cuts out about one part in 100. 
From (36), (37), (38), (40), (48), (52), and (53); dehvcrs sample to assayer 
and rejects to (77), 

76. Automatic tailings sampler wliich cuts out about one part in 10,000. 
From (47), (55), (56), (65), {6S), (72), and (74); delivers sample to as^ayer and 
rejects to the waste dump, 

77. Four 50-ton r'oncentrates bins. From (75); deliver eoneentratee to 
(79) and ovej-ttows to (7S). 

78. Nin*^ ovv'rflow liins having a capacity of 20 tons of tlry slimes. P^rom 
(77); deliver wash water to (55), (65), (68), (72), and (74) and settled slim^, 
periodically, to the smelter. 

79. Steel railroad cai*s of 50 tons capacity with about 8 inches of fine 
slag from the Old Dominion smelter, containing 2.5% copper covering the 



dMl 







i 1506. Mill 174. OUTLIS'ES OF MILLS. ^P^^T 1887 

dgora. From (77J ; deliver concentrates, containing about 12% moisture, to the 

■ Under ordinary conditions the mill could easily run 9sr J, of the year and 
make a saving of from SO to 84% of the valuer in the crude ore. 

A screen lest of the general tailings follows: 

On 20 mesh 2.60 percent 

•" ■«) " .,,.,,.**.*.. -.4 10.30 " 

'* «0 " .,.. • ,,♦..** 085 

*' 100 " , I3.H0 

" 30O " . I4.8S '* 

- 41>.06 " 

ToCAl 100.45 '* 

Labor and Wmfes. 

The concentiator when operating three 8-huur shifts per day requires the 
'ollowing regular force per 24 hourn: 1 foreman, 3 shift bosses, 6 jig men, 3 
?ngineers and oilers, 3 Chili millmen, 3 vanner men, I concentrates loader, and 
i repair men anil carpenters. In addition there is a certain amount of labor 
asecl in rt^pair work, which averages about 1.0 shifts per day, bringing the con- 
centrator tabor up to an average of 24.6 shifts per chiy. This cost amounts to 
almost 25 cents per ton. 

Power and Water. 

The difTei*ent machines are driven by counter-shafts from the main shaft 
which, in turn, is driven directly from the engine. The engine once ran the 
old smelter. It is a single-cyhnder Corlisjs engine with a 22 X 30-inch cylinder 
and is run condensing with 00 pounds of st<^am at the gauge. 

When the roncentrator is handling from 450 to 5(10 tons per 24 hours the 
power consumed varie.s, aecortiing to the liarilness of tlie ore and the eunditiim 
of the loughing rolls in the crushing department, between 170 and 188 indi- 
cated horsr-power and averages about 178. Observations as low as 162 and 
i§ high as 200 inclieated horse-power have been made. 

■ Owing to the alauidancc* of water at ( iJobe about the only water iT-used 
lit ilia t recovi-red fiom tin* jig tailings. Nearly 1^500 gallons of water, per ton 
of ore tn*ated, go to wa.ste. 

Since enlarged to full eapacit}' the concentrator will handle between 450 
and 550 tons per 24 hours, with room still left for building an exact duplicate 
of this plant. The foundations of the buildings and marhinery are of broken 
rock or shig and cement. The buildings are of structural steel built from de- 
signs furnished by a structural steel company based upon preliminary drawings 
of the renuirements. The buildings wpvc^ manufactured by tlie structural i^teel 
company at a contract |iriee and placed by the same company on the founda- 
tions built by the Okl Dominion Cojvikt Mining and Smelting Company. A 
pound price was made for additional work. No. 22 corrugated mm was used 
on the roof and No. 24 for the sidt^s. The }>uildings are practically water tight. 
The company saves electririty l>y ])ainting the roofmg ami sides white on the 
inside, giving a bett<'r diffusion of tlu^ hnver lights. Tills also gives the mill a 
neat appearance and the men prid^^ 

In skeleton the mill has only 3 Hours as follows: the upper Hoor for roughing, 
the lower for finishing, and the intermediate for re-grinding and pulp thickening. 
Rolls, tnunmels, finishing jigs, and W'ilfley tables are on the upper floor, the 
roughing jigs are on a snudi .staging bet w(*en the upper and intermediate floors; 
Chili mills and pulp thickeners are on the intermediate floor; and the vanners, 
etc., are on the lower Hoor. 

. The Challenge feeders (20) give a perfectly uniform feed which the Wall 
feeders, preceding them, did not do. 
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The slope of the trommels h 0.75 inch to the foot, but it is believed to be a ' 
littlt* slight and it is thought that 1.25 inches to the foot would be better and 
save wear. 

Russia-iron slotted screens were formerly used on the Chili mills, but they 
did not have the iiecest*ary caparity with the mill treating 500 tons daily. ' 

The vanner legs are esp(^cially designed of east iron, firmly braeed om 
against the other, :umI bolted through the floor and through built-up continuous 
joists. 

The shafting of the mill is all earried upon steel supports. Ring-oiliug ball 
and sofkit pillow biut-ks are used exeiusively. Once in line, with the bearings 
firmly ckimiied, they have no difficulty wuth the shafts and run with a minimum 
loss of power. 

T, Mills Saving Copper and Sulphur Values. 

Mill 175 illustrates this class. 

§ 1507. Mill No. 175. Eustis Mining Company, Eustis, P. Q., Canada. 

— The economie mineral is a cupriferous pyrite.^* The vein matter, as found 
in the mine, is divided into three grades. First the high-gratle ore, which h^ 
usually a fine-grained pyrite carrying about 2.5% of copper and which, in many 
cases, is singularly fn^e from iuipurities. This grade will probably run over 
45% in sulphur as it occurs in the mine. Second there is lean ore, which is 
comparativL^y eoanse-grained pyrite in quartz and small particles of country 
rock which is a talcy schist. Third there is a fine-grained crystalline Hme 
stone carrying about 65% of silica. The problem is to save the copper and 
sulphur. Capacity, about 200 tons per 24 hours. 

The ore, coming from tlu^ mine in skills,/-'* is delivered to (1) and (25), 

1. Pocket with a capacity of about lU tons. From the mine; delivers, via 
electric tram, to (2). 

2. Two grizsilii-s sloping at 35°. Grizzly ** A'' is situated on the west sitle 
of the mill aiul bas 2;75-inch spaf*es between the bars. Cirizzly ** B *' is on the 
east side of the mill and has 2-inch spares between the bai-s. When gnz/.ly '* A*' 
is used, ore comes from (I); the oversize is delivered to (3) and the undersize 
to (14) and (34). When grizzly **B" is used, ore comes from (1); the ovensize 
is delivered to (2B) jinil the undersize to (3^). 

3. Picking fiuur where the ore is hand picked^ a sledge being used to separate 
the shipping ore frrun the lean and waste ores. From (2) ; delivers shipping 
ore to (4) and (5), lean ore to (24), and waste ore to dump. 

4. Farrcl Bacon breaker with a 10 X Ifi-inch jaw opening, breaking to 
3 inches. Munganese-stecl jaw plates are used. From (3); delivers crushed 
ore to (6). 

5. Farrel Bacon breaker with a 6 X 20-inch jaw opening, breaking to 3 
incht^s. Mnnganese-steel jaw plates are used. From (3) and {li\) ; delivem 
crushed ore to (i\). 

0. P'ourteen-inch elevator with an S-ply rubber belt, a speed of 200 feet per 
minute, and elevating the ore 34 feet. Fnun (4), (5), and (9); delivers to (7). 

7. Double-crim|)ed wire screen with 0.57-inch square holes. From (6); de- 
livers overside to (S) and undei;sisie to (10). 

8. Tionnncl^ 3 X 6 feet, divided into two sections. The first section has 1- 
inch round holes and the second 3-inch round holes. From (7); delivers 1 to 
075-inch stuff to (11)^ 3 to Finch stuff to (12), and material larger than 3 
inches to (i». 

9. Spalling floor. Slabs broken bv hammer. From (S); delivers to (6). 

10. Pocket for fines. From (7); delivers to (13). 

11. Pocket for pea ore. From (8); delivers to (13). 
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12. Pocket for lump ore. From (8); delivors to (13). 

13. Woutlen push cur holding from 1.25 to 1.5 ton?? when full. From (10), 
(11), und (12); delivers to any nulrond bin or stock pile. 

14. Bin. From (2); delivers, via haiid-reguluttHl gate, to (15). 

15. HorizoDtal shaking screen with 1-inch njund holei^, inclined supports, 
and making 178 strokes per minute. From (II); delivers oversisse to (IG) und 
underside to (18). 

10. Thirty-two inch inclined rubber picking-belt having ii conveying length 
of 10 feet and a speed of 12 feet per niiruite. From (15). Lean ore is pickt^d 
and sent to (17) antl the residue is either scut to (5) or waste according to its 
grade. 

17. Twelve-inch belt conveyor. From (Hi); delivei's to (18), 

18. Sixteen-in(4i belt conveyor with it speed of 2rK) feet per minute. From 
(15) ami (17); ilelivers to (19).* 

19. Fourteen-inch extra heavy " Camel Brand" hair-belt elevator having a 
speed of 11)5 feet per minute and sheet-steel buckets, 14 inches wide^ elevating 
the ore 44 feet. From (is), (23), (24), and (37); delivers to (2(»). 

20. Trommel, 3 X 8 feet, with i,25-iiich round holes, making 12 revolutions 
per minute. From (19); delivers oversize to (22) and undersizc to (21). 

21. Mill bin having a capacity of 100 tons. From (20); delivers to (3S). 

22. Spout. From (20); delivers to (23). 

23. Dodge breaker with a 11 X 15-int4i jaw opening and set for close break- 
ing. Manganeae-steel jaw plates are used. From (22) and (!?(>) ; delivers crushed 
ore to (19), 

24. Farrel Bacon breaker with a 15 X 24-inch jaw opening and set for 
close brr^aking. Mnnganese-steel jaw plates are used. From (3), (25), and (20); 
delivers crushed ore ti> (19). 

25. Pocket for lean ore from the mine. From the mine via electric tram; 
delivers to (24). 

20. Hand-picking floor. From (2); delivers shipping ore to (27), lean ore 
to (24), and waste rock to flump. 

27. P'arrel Bacon breaker, 10 X Bi inches, bn'akinir to 3 inches. Man- 
ganese-steel jaw plates are used. From (20) and (30) ; delivers crushed ore to 

28. Steep fixed scret^n with double-crimped wire cloth having 0.75-ineh 
square holes. From (27); delivers tjversize to (29) uwl undersize to (31). 

29. Wooden push car with details as in (13). From (28) and (30); delivers 
to (30). 

30. Railroad bin, No. 4, having a capacity of 125 tons. From (29); delivers 
to market. 

31. Elevator writh an S-ply rubber belt and S-inch buckets. From (28) j 
delivers to (32). 

32. Wooden push car with details as in (13). From (31); delivers to (33). 

33. Railroad bin, No. 3, having a capacity of 125 tons. From (32); delivers 
to market. 

34* Bin. From (2); delivers^ via hand-regulated gate, to (35). 

35. Horizontal shaking screen with 1-inch round holes making 178 strokes 
per minute. From (34); delivers oversize to (30) and undersize to (37). 

30. Thirty-tw^o inch picking belt. From (35) ; delivers hand-picked shipping 
ore to (27) ; lean ore to (23) ; waste rock to dump; and the remainder, as shipping 
ore, to (29). 

37. Fourteen-inch conveyor. From (35); delivers to (19). 
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Concentration Afill. 

38. Two standard Challenge feeders. From (21); deliver to (39). 

39. Sixteen-iDch belt conveyor. From (38); delivers to (40). 

40. Distributor. From (31*); delivei-s to (4i). 

41. Frasor and (lialmrrs style "B" bt-lt-driven rolls, 20 X 30 iuches, mak- 
ing 105 revolutions per minute. From (40); deliver erush«*d ore to (42). 

42. Twelve-ineh elevator with an 8-pl>' heavy ru bbei-facefl belt having a 
speed of 200 feet per minute and malleable-iroji buekets, style " AA/' elevatin^ 
the ore 39 feet. Run wet. From (41) and (44); delivers to (43). 

43. Two trommels^ 3 X 4 feet, with 5'mcsh, 15-wirc (Birmingham) cloib 
double-erimped screens, making 16 revolutions per minute. From (42); deliver 
oversize to (44) and undei-size to (45). 

44. Two belt-drivc^n rolls, 8 X 24 inches^ run wet and making 140 revolu- 
tions per minute. From (13) and (52); df4iver crushed ore to (42). 

45. FulsHtor with spigots antl no oversow. From (43): delivers the fir»t 
spigot to (IG), secund s]Hgot to (47), third spigot to (4S), fourth spigot to (49)^ 
fifth spigot to (50), and sixth spigot to (51). 

46. Two WIIEey tallies. From (45); (leliver concentrates to (53), middlings 
to (52), and taih^og-s to waste. 

47. Two Wilfiey tables. From (45); deliver coneentrates to (53), middlings 
to (52), and tailings to waste. 

48. Oni* Wilflry tab!e. From (45): delivers coiieentrate8 to (53), middlings 
to (52), tailings to wast«% and clean backwater to (55). 

49. One Wilfity tahle. From (45); delivei-s concentrates to (53), middlings 
to (52), tailings to waste, and clean backwiUer to (55). 

50. One Wilfiey table. From (15); delivers romenirates to (53), middh*ngis 
to (52), tailings to waste, and clean backwater to (55). 

51. One WilMey table. From (45): delivers concentrates to (53) » midtUings 
to (52), tailings to waste, and clean backwater to (55). 

52. Fight*ineh elevator with an S-pIv rubber belt. From (4(>), (47), (48), 
(49), (50), and (51); delivers to (44). 

53* Two wooden push cars with details 41s in (13). From (46), (47), (48), 
(49), (50), and (51) : deliver to (5t). 

54. Concentrates bins or stock pil(\ From (53) ; deliver to market or 
storage. 

55. Morris 3-inch centrifugal pump. From (48), (40), (50), .and (51); 
delivers to {5tj). 

56. Mill tank of 7,900 gallons capacity. From (55) and (57); delivers to 
mill system. 

57. One 4*inch Gould volute centrifugal pump makijig 700 revolutions per 
minute and handling about 2(K} gallons of water per minute. From (58); 
delivers to (50). 

58. One (3-inch pipe line. From (59); delivers to (57). 

59. One 3-inch Worthington pump direct cemnected to a 2-stage, 15 horse- 
power turbine making 1,440 revolutions per minute. From the river; delivei*!?, 
from 200 to 250 gallons of water per minute, to (58). 

Labor. 

Two men are rt^quired to operate the mill and a part of a third man's time 
to do the oiling. Two men are also required in the basement to handle the 
concentrates. The number of men iu the concentrating department varies 
between 4 and 10. Six boys are employed sorting ore and doing light work. 
Two machinists and a carpenter are also kept busy the most of the time. 
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Power and Water. 

About 150 horse-power is required to operate the entire plant. . From 300 
to 350 gallons of water per minute are probably required to run the mill. 

U. Mills Saving only Copper Values. 

As examples of this important class Mills 176, 177, 178, 179, 180, 181, and 
182 are given, showing the practice in two districts. 

§ 1508. Mill No. 176. Pike Hill Mines, Incorporated, Corinth, Ver- 
mont.""* — The capacity of this mill is about 10 tons per 24 hours. The econo- 
mic minerals are chalcopyrite and pyrrhotite in a siliceous gangue, and the 
average copper content of the crude ore is from 2 to 4%."* The problem is to 
save the chalcopyrite and pyrrhotite. 

The ore comes from the mines ^ via cars and is delivered to (1). 

1. Picking floor. From the mine cars; delivers selected ore, containing 
about 12% copper, to the Nichols Chemical Company; milling ore, containing 
about 3.8% copper, to (2); and waste rock to the dump. 

2. Buchanan breaker. From (1); delivers crushed ore to (3). 

3. Picking belt. From (2) ; delivers selected ore, containing about 12% 
copper, to the Nichols Chemical Company and the remainder to (4). 

4. Trommel with 0.75-inch holes. From (3) ; delivei*s overaize to (5) and 
undersize to (6). 

5. Buchanan corrugated rolls. From (4); deliver crushed ore to (6). 

6. Cylindrical drier. From (4) and (5); delivers to (7). 

7. Elevator. From (6); delivers to (S). 

8. Trommel with 0.125-inch holes. From (7); delivers oversize to (9) and 
undersizc to (10). 

9. Buchanan smooth rolls. From (8) and (11) ; deliver crushed ore to (10). 

10. Elevator. From (8) and (9); delivers to (11). 

11. Tronmiel with 20 meshes to the inch. From (10); delivers oversize 
to (9) and undersize to (12). 

12. Trommel with 30 meshes to the inch. From (11); delivers oversize and 
undersize separately ami periodically to (13). 

13. Four-pole Wetherill magnetic separator. From (12); delivers magnetic 
product, or pyrrhotite, to the storehouse and non-magnetic product, or chal- 
copyrite and gangue, to (14). 

14. Roasting cylinder. From (13); delivers to (15). 

15. Elevator. From (14); delivers to (16). 

16. Cooler which is only a water-cooled cylinder. From (15); delivers to 

17. Four-pole Wetherill magnetic separator. From (16); delivers mag- 
netic product, or chalcopyrite, to the Nichols Chemical Company and the non- 
magnetic product, or siliceous gangue, to waste. 

One hundred tons of crude ore yield : 20 tons of selected ore, carrying 12% 
copper; 10 tons of chalcopyrite concentrates, carr>'ing from 13 to 15% copper; 
35 tons of pyrrhotite concentrates, carrying about 1.5% copper; and 35 tons of 
waste, carrying 0.5% copper. 

The mill has ver\^ limited living accommodations and is handicapped by 
inefficient labor. The power and water supplies have also caused trouble and 
the mill is now installing a producer gas engine plant. A small smelting plant 
is being erected where pyritic smelting will be tried, the pyrrhotite concentrates 
being used to flux the silica in the ore. 

§ 1509. Mill No. 177. Calumet and Hecla Mining Company, Caltti 
Michigan.* — The two mills of the Calumet and Hecla are located a* 
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Lindrn on Torch Lake, 5 milcB from the mine."* The? total capacity of both 
mills Is over 8,0(X) tons per 24 hours or uhoul 300 tons per section when treatine 
congloinerutc rock, and nearly iloublc this cnpacity when treating amygdaJoid 
rock.**^ *^ The niiliij run 24 hours per day, fi dayn a week. The rock roni?istH 
of the econoniic minerals? native copper and a Utile native f5ilver in a ^angueof 
rhyohte conglomerate carrying a little caJeite, epidote, and martite. The 
problem is to save the copper and silver. 

The rock is hoisted ** from the mine in skips of 10,000 and lo,000 pounds 
capacity each and dumped upon (1). 

Rock House at Mine* 

There is one rock house for each shaft and there are 17 shafts working. 
Since all are alike in procei?s^ only one will be flescrilx*d below, 

1. One grizzJy with 3.5 inches between the steel bars which are 4 inches in 
diameter and phvced at an angle of 30*^. From the mine; delivers oversize, whirh 
is hand picked, into («) copper nuggets whirh go to (20), (b) waste rock which 
goes back to the mine for filling, (c) residue which is sent to (2), and undersizc 
to (3), 

2* Two Blake breakers, one having a jaw opening 20 X 24 inches and the 
other 24 X 36 inches, making about UK) thrusts per minute, and breaking to 
3.5 inches. From (1); deliver crushed rock to (3), 

3. Roek-house bins, 40 X 50 feet, and from 10 to 20 feet deep with flat 
bottoms and 16 chutes. From (1) and (2); deliver, via sbcteen gates, chutes, 
and railroad cars, to (4). 

Mills at Lake Linden, 

There are two entirely independent mills, the Calumet and the Hecla, in 
total having 2S sections, of which, in 11K)7, there w(Te 22 practically siraikr 
sections treating conglomerate rock, and 6 somewhat different from the above, 
but similar to each other, working on arnygdaloitl rock. One conglomerate 
section will bo dt^scrihed below, 

4. Mill bin with a flat bottom and a capacity of 1,000 tons. From (3); 
delivers to (5), 

5. One assorting table, 3 X 7.5 feet, making (55 strokes per minute. From 
(1) and (8) ; delivers to (6) while barrel-work copper is picked and goes to (20) 
and wood is picked and goes to waste. 

6. One I^avitt stenm stamp rising inclined 4-sided screens with 4,76-milli' 
mt'ter round holes and equi|)ped with mortsir jigs (7), From (5); delivers pulp, 
via iiistributor, to (9); coarser and richer material to (7); and mortar cleanings, 
eyery fourth day, to (S). 

7. Two mortar jigs which consist of two openings in the side of the mortar 
of fH), each about 1.5 X 12 inches, at the lower edge of the screen. Each open- 
ing leads down to a sieve Ijclow with holes 25 millimetei's in diameter and 

4 X 12-inch ilimensions. The sieves have connections with jigging plungers, 

5 inches in diameter, making 195 2-inch strokes per minute, which subject the 
material on the sieves to a regular jigging action, the hutch work and sieve 
discharges being discharged intennittently by a series of level's and ]>ockets. 
From (fi); deliver skimmings ofT screens and hutch work to (20) and tailings, 
or cover work, to (8). 

8. One 1-compartment Woodbur^^-Benedict jig for 11 sections. From (6) 
and (7): delivers discharge and hutch work to (20) and tailings to (5). 

9. Two 2-compartment Woodbury-BeneiHcl jigs having a capacity of 250 
tons per 24 hours on feecl carrying about -10% slimes. All screens have 10 
meshes to the inch and in the first compartments are 24 X 36 inches, in the 
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second, 30 X 50 inches. The plungers in the first compartments arc 12 X 24 
inches and make 195 O.S75-inch strokes per minute while the phingeiis in the 
second compartiuentH are 12 X 50 inches aucl itmke 1*J5 0.75-ijK-h strokes per 
minute. From (()) ; deliver discharges to (20); hutrh work to (13),' slimes, by 
special eontrivanee, to (15); and taihngs, via di.^tributors, to (10). 

10. Two 3-eoinpartnient Woodbury-Benedict jign having a capacity of 
about 150 tons per 24 hours. The pkuigers are all 12 X 50 niches and make 
195 strokes per minute varying in length from (.15 inch in the first to 0.375 Inch 
in the third compartments, Tht* screens are ail 30 X 50 inches and have 12 
meshes to the inch. The tail height is 2.(i25 inches. From (9) ; deliver dis- 
charges and skimmings to (11); hut(4i work, via hydrauUc classifiers, to (13); 
the classifiers making concentrates which go to (20) ; and taiUiigs which go to 
(21). 

11. One 6-foot Chili miil of the Cahimet and Hecla type making 29.5 revo- 
lutions per minute, crushing through Iti-niesh diagonal needle-slot screens and 
having a capacity of 35 tons on c{>nglomcrate rock and 50 tfms on amygdaloid 
rock per 24 hours. From (10) and (14): tlelivers pulp to (12). 

12. Two Wilfley talvles. From (11); deliver concentrates to (20), middlings 
to (14), and tailings to (21). 

^ 13. Twer Wilfley tables. From (9) and {10); deliver concentrates to (20), 
middings to (14), anti tailings to (21). 

14. One \\1Hlcy table. From (12) and (13); delivers concentrates to (20)^ 
middlings to (11), and tailings to (21). 

15. Two settling tanks, 5 feet wide by 9 feet long, handling together 125 tons 
g£ slimes per 24 hours. From (9); deliver spigots to (Hi) and overflows to (21). 
K 16. Two 4-deck Evans slime tables, 16 feet in diameter, having speeds of 
TTevolution in 57 seconds, slopes of 1.5 inches to the foot, and a capacity of 
from 14 to IS tons per 24 hours. From (15); deliver con ceirt rates to (17) and 
tailings to (21). 

17. Four Wilfley tables. From (16); deliver concentrates to (20), middlings 
to (IS), and tailings to (21). 

IS. One settling tank. pTom (17) and (19); delivers spigot to (19) and 
overflow to (21). 

19, One \\'ilflcy table. From (18); delivers concentrates to (20), middlings 
fc(18), and tailings to (21). 

^ 20. Mini^ral boxes. Three grades of conc'cntrates in arldition to harrel-work 
copper are kept separate from each other and from each mill. The concentrates 
in (20) averaged about m% copper in 1907. From (1), (5), (7), (S), (9), (10), 
(12), (13), (14), (17), and (19); deli%^er, via cars, to smelter. 

21. Five sand wheels for both mills. From (10), (12), (13), (14), (15), (16), 
(17)^ (IS)^ and (19); deliver over S^OOO tons per 24 hours through a launder, 
on a high trestle, into Torch Lake. 

The amygdaloid practice difl*ers from the conglomerate chiefly in the crush- 
ing. In this prartice (6) is provided with I5,9-miIliniet('r opfiiings, 1 mortju- 
jig (7), and 1 plain hydraulic discharge. The pulp from the mortar is screened 
through 2 trommels having either 4,76 or 6.35-millimcter hok's, the undersize 
going to (9) anil from that point on much as described under the method of 
treating conglomerate rock. The oversize goes to two Woodbury-Henetlict 
bull jigs with 15 X 50-inch plungers making 180 IJo-inch stnvkes per minute, 
which df^livcr cup concentrates to (20); hutch products to (13); and tailings, 
which are returned by an elt^vator, either to (6) or to a set of rigid rolls, 16 X 36 
inches, whose crushed product goes back to the tronmiels with the material 
from (7). Moreover, in the amygdaloid practice, the Evans tables (16) are 
*tted and the plug discharges from (15) go directly to eight Wilfley tables (17). 
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Some of the Wilfley tables are 6 feet wide at the head end, but most of them 
are 7. The speeds var>' from 235 to 245 thrusts per minute, the length of strokes 
from 0.625 to 0.875 inch, and the capacities from as low as 8 tons on fines to as 
high as 18 tons per 24 hours on the coarser material. 

The power consumed is about 30 horse-power per section. Water consumed 
is about 1,250,000 gallons per 24 hours for a conglomerate section, and 2,000,000 
gallons for an amygdaloid section excluding that used for condensing purposes. 

In addition to the above equipment there is under construction (Jan. 1, 
1908) additional machinery for treating the present tailings from the richer 
portions of the conglomerate rock and the rich tailings of former years. To 
further treat the slimes there have been installed for each section 8 Calumet 
tables, a reciprocating table of the Wilfley type without the diagonal termina- 
tion of the riffles. Those tables will handle the tailings of (16) , deliver tailings 
to (21) and concentrates to be further treated on a Wilfley table; 16 Calumet 
tables supplying concentrates to one Wilfley. For further treatment of the 
coarser tailings there has been erected a re-grinding plant. This takes the 
tailings from (10) and (13). It consists of 48 Chili mills which will grind through 
20 or 24 meshes to the inch, the product of which, after classification, will be 
treated on 136 Wilfl(»y tables. The capacity of this plant will be from 1,200 
to 1,500 tons per 24 hours. 

The rock is treated in the following proportions: 

73 percent of the rock treated comes from the Calumet conglomerate 
26 " '' " " " " '' " Osceola amygdaloid 

1 " " " " " " " " Kearsage " 

The Calumet conglomerate is the hardest and the Osceola amygdaloid the 
softest rock in the district. 

In 1905 the cost of making metallic copper at this plant was about 7 cents 
a pound. Tests have been conducted with a Xordberg steeple-compoimd stamp 
h(^ad, and it was found capable of treating 375 tons of Calumet conglomerate 
or 6()0 tons of Osceola amygdaloid per day. 

The mill «iives out no analysis. The rock formerly ran about 4% copper, 
but is now running somewhat less than one-half of this amount. 

Sand Wheels. 

There are two sand-wheel houses, one for each mill. The Calumet wheel 
house has two sand wheels of 50 feet nominal diameter; the Hecla wheel house 
ha.s three sand wheels of -JO, 50, and 60 feet nominal diameters. The 60-foot 
sand wheel is situated in a 3-story steel ainu^x. It weighs 300 tons, is 12 feet 
wide, and is mountcnl on massive concrete foundations. 

The axle weighs 21 tons, is 26.5 feet long and 30 inches in diameter, with a 
16-inch diameter hole through it. The axle revolves in cast-iron pedestals 
sup])orted by heavy cast-iron bed plates weighing 240 tons. The rim is made up 
of 20 s(»gments, each supported by two radial steel spokes 3.875 inches in diame- 
ter. There are 544 buckets placed in pairs at equal distances around the inside 
periphery of wheel. Each bucket is 4 inches wide by 4.25 feet long and holds 
27 gallons, making the capacity of the wheel 14,700 gallons per revolution. The 
wheel is driven by gear and pinion from a 700 horse-power motor. 

Upwards of 30,000,000 tons of tailings carrying from 0.4 to 1% of copper arc 
in Torch Lake. There is probably about 200,000 tons of copper in this amount 
of tailings. 
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Water, 

Water is supplied by four sleam-clrivcn crank and fly-wheel pnmp^*, and 1 
lotor-driven contrifugitl pump. The Mit-higan is tlie most powerful of the 
rmcr type, with a rapacity of 60,000,000 gallons in 24 hours. The Arcadian, 
ntario^ and Huron have a eapacity of 20,j>00,0()0 f»;allons each und the fen- 
"fugiil pump of 2,750^000 gailoni^ in 24 houns or a total of 122^750,000 gallons 
water in 24 hours. 

Boiler Plant, 

The old boiler plant consists of 22 loromotivc boilei*s, of wliich 14 ai"e in 
nstant Uf^e. There are hve 500; thirteen 300, and fourteen 2r)0 horse-power 
ilera, making; a total generating capacity of 7,100 horse-power. 

A new boiler plant of 10,000 horse-power of Babcoek and Wilcox boilers 
11 shortly go into operation. 
The dail}^ eoal consumption averages 240 tons, and 500,000 gallons of water 
ler day are used in these boilers, coming from reservoirs, artesian wells, and 
Torch Luke. 

The buildings are built of steel wiUi corrugated-iron sides, Cai*ey roofing, 
and cement floors resting on concrete foundations. 



Electric Power Plant. 



The boiler Iiouse at the stamp mills also furnishes steam for the Electric 
Power Plant of K,000 kilowatts capacity. There are three 2/XJO-kilowatt Gen* 
eral Electric generators direct connect e<l to three Ix-avitt 3-ey Under compound 
engines running at 107 revolulions per minute and generating current at 13,200 
volts potential, also two 1,000-kilowatt (Jeneral Electric generators, one direct 
connected to an Allis-Chalm(*rs twin stix*ple-compound engine, the otlier con- 
nected by a rope drive to a Ivt^avitt triple-ex pan.*; ion engine, both generating 
at a pressure of 410 volts. Alt are alternating-current, 25-fycle machines. 
This electric power is used to drive all stamp-mill machinery and the sand 
heels, and is transmitted to the mine at a potential of 13,200 vults, where it is 
stepped down to 2.300 volts, and used to drive the roek-house and shop 
machinery and for mine pumping anil lighting purposes. 

§ lolfl Mill No. 17s. Haltic MiNiNti Company, Copj'Eu R.\nge Con* 
SOLIOATEO Company, Baltic. MirniGAN. — This null,*® located at Redridge, 
on Lake Superior, has a capacity of 2,000 tons jier 24 hours ami Is divided into 
four sections, each section having one stamp and handling H.IO tons of rock per 
day. The mill building Is of structural steel on stone foundatifuis and is 105 feet 
ng l)y 175 feet wide. 

The principal rock is native arsenical copper in an amygdaloid to which the 

ine has given its name.***^ Narrow hssun^ veins, crossing tlie lo*lc, carry a 

ittle melaconite which is saved in milling. The problem is to save the copper 

ilues. 

The following is a description of a 1 -stamp section. Hock from the mine 

to(l). 

1. Nordberg steeple*compound steam stamp having a 20 X 21-inch cylinder 
kI capalile of crushing (350 tons of rock per 24 hours through a screen with 

|.G25-inch holes. From themim*: delivers pulp to (2) and the lieavicr mineral, 
pmoved from the mortar by a hytlraulic discharge, goes to (33). 

2. Hydraulic classifier with a 0/25 X 0.(325-inch spigot. From (1) and (5); 
clivers spigot to (33) and overflow to (3). 

3. Two trommels, 3X0 feet» with screens having 0.25-inrh holes and a 
fc of about G weeks. From (2); deliver oversize to (4) and undersjze to (6)* 



4. Tcn-inrh rfpvator with an 8-ply rubber belt having 46 mallenbte-imii 
bgrkeU, 1.5 X 7 inches, &ct IS inchea apart. From (3); delivers to (5). 

5. Sturtcvant rolls, 6 X 36 inche*s, having open-hearth steel shells with i 
life of 6 months. From (i): deliver crushed rock to (2)» 

0. Six Ri(*hardw-Coggin 4-spigot classifiers^ with Jo-inch spigots. From (3); 
deliver first spigots to (7), second spigots to (S), third spigoUi to (9), fourth 
spigots to (10), and overflows to (22). 

7, liodgt* jig. From (6); delivers discharge to (33), hutch product to (15), 
and tailings to (11), 

8, Hodge jig. From (0); delivers skimmings to (33), hutch product to (15), 
and tailings to (!2). 

9. Hodge jig. From (6); delivers skimmings to (33), hutch product to (15), 
and tailings to (13). 

10. Hodge jig. From (6); delivers skimmings to (33), hutch product to 
(13), and tailing^ to (14). 

11. Hodge jig. From (7); delivers discharge to (30), hutch product to 
(16), and tailings to (34). 

12. Hodge jig. From (8); delivers discharge to (30), hutch product to 
(16), and tailings to (34). 

13. Hodge jig. From (0); delivers skimmings to (33), hutch product lo 
(IG), and tailings to (34). 

14. Hodge jig. From (10); delivers skimmings to (3ii), hutch product to 
(16) » and tailings to (31). 

15. Settling tank with 2 spigots. From (7), (S), (9), and (10); delivers 
spigots fo (17) and overflow of clear water* 

^ 16. Seilling tank with 2 .spigots. From (11), (12), (13), and (14); delivers 
spigots to (IS) and ov^erflow of clear water. 

17- Two Willlev tables. From (15); dehver concentrates to (33), middling? 
to (19), and tailings to (34). 

18. Two Wilfley tables. From (16); deliver concentrates to (33) , middlings 
to (19), anil tailings to (34). 

10. Hodge 2.r)-mch centrifugal pump. From (17), (18), (21), and (32); 
delivers to (20). 

20. Settling tank with 2 spigots. From (19); delivers spigots to (21) and 
overflow of clear water. 

21. Two Wilfley tables. From (20); deliver concentrates to (33) and tail- 
ings to fl9). 

22. (Jpen-hcarth crucible-steel screen with 0.1254nch round holes for re- 
moving wood imlp. Life 1 year. From (6); delivers underside to (23) and 
oversize to waste. 

23. Settling tank with 4 spigots 0..^ inch in diameter. From (22); delivers 
spigots to (24) and overflow to (25). 

24. Four Deister tables. From (23) ; deliver concentrates to (33), middlings 
to (27), and tailings to (34). 

25. Sf*ttling tank with 8 .spigots 0.5 inch in diameter. From (23), (28), (29), 
and (31); dr-livirs .sjjigots tu (26) and overflow to (34), 

2(i. llight Di'ister tables. From (25) ; deliver coneeniratea to (33), middlingi 
to (27), and tnilings to (34). 

27. Hodge 2.5-ineh centrifugal pump. From (24) and (26); delivers to 
(28). 

2s. Settling tank with 3 spigots. Fram (27) ; delivers spigots to (29) and 
ovrrHow to (25), 

29. Three Deister tables. From (2S); deliver concentrates to (33) and 
tailings to (25). 
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30. One 0-foot Huntington mill having a capacity of 40 tons per 24 hours 
through a l-mJIlimeter screen. From (11) anrl (12); delivers pulp to (31). 

31. Settling tank with 4 spigots. From (30); delivers spigots to (32) and 
overflow to (25). 

32. Four Overstrom tabic;?. From (31); deliver concentrates to (33), 
middlinti^s to (19), and tailings to (34). 

33. Mineral or concentrators bin. From (1), (2), (7), (S), (0), (10), (13), 
(14). (17), (18), (21), (24), (26), (29), and (32) ; delivers, via cars, to smelter. 

34. (;eneral tailingrt-launder. From (11), (12), (13). (14), (17), (IS), (24), 
(25), (26), and (32); delivers to dump, The di.schari^e of this launder is 25 
fret above mean watej' datum and provides for the dumping of many million 
tons of tailings by gravity alone. 

The mill opt^ratcs 2 shifts per 24 hours for Ti days a week and makes an 
80% extraction in a product running from 35 to 45% copper which smelts readily 
with the native copper mineral. The general mill tailings run 0.28% in copper. 

Power, 

Power is supplier! by a compound-condensing Corliss engine. The boiler 
plant a< I joins the mill and is 90 feet Jong by 55 feet wide. It has a steel frame 
and stone foundations and its equipment consists of five 250 horse-power Stirling 
water-tube boilers and a Green fuel-i^conomizer. Draft for the boilers is fur- 
nished by a set of duplex fang driven by the mill engine. 

The mill is heated by a vacuum exhaust-steam system. 

Water. 

Water for the mill is furnished through a 3S-inch riveted steel pipe coming 
from an impounding (hun across the mouth of the Salmon Trout River. The 
dam has 1,000,000 poumls of steel ami 8,000 cubic yards of concrete work and 
impounds about 1,250,000,000 gallons of water. At the river's lowest stage, 
enough water can be furnish<Ml to wash 5,000 tnns of rock per 2-1 hours. 

§ 151 L Mill No. 171). Champion Stamp Mill of the Copper Ran'c;e 
CoNSOLiDATEn Company, Painksdale, Mkhigan.^ — This mill/" located at 
Freda, two miles wTst of Redritig(\ is built of steel and concrete and has a 
capacity of 3.9(MJ tons per 24 hours. The economic mineral is native copper 
Tvhich it beconK'S the problem to save.'"* 

The mill is divided into six sections nn<I one of the first four is described 
below, the fifth and sixth being ref(*rrctl to later. The rock, broken at the 
mine to 6-inch cub(\s. is rlehvered I>y cars to (1). 

L Bin, IS feet wide by 27 feet deep at the lowest point and roek fdled. The 
slope of the bottom is about 40"^. From tin* mine via ears; delivers to (2), 

2. Feed chute, S feet long and sloping about S inches to the foot. Water 
is added and copper nugg<'ts and .sticks are picked out. From (1); delivers 

[ topper nuggets to (23), milling rock to (3)^ and sticks to waste. 

3. Nonlberg simple-cylinder steam stamp crushing through a 0.()25-inch 
hole with a capacity of 650 tons per 24 hours w^hen no oversize is returned, or 
500 tons per 21 hours if the oversize is returned. The mortars are citeular and 
provided with screens about 2.5 feet high having 0JJ25-ineh round holes. The 
foundations are made of concrete and are 20 X 20 X 32 feet tieep. A Krause 
mortar discharge enters 4 inches below the bottom of the screens and removes 
the larger nuggets. The waiter pipe is 4 inches in diameter and the discharge 
pipe inches in diameter at the upper end and 7 at the lower. From (2) and 
(11); delivers mineral to (23) and pulp to (4). 

4. Hydraulic discharge. A hopper-shaped box, 1 foot square at the top 
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and 16 inches deep, with a discharge pocket 20.5 inches square and 29 iochQ 
deep which is located l>elow. A 3-inch pipe, 8 inches long, connects the hopjw 
and pocket. Hydraulic water enters through a 1-inch hole in the base of the 
hopper and comes into the bottom of the pocket, in which there is also a door. 
From (3) ; delivers mineral, from 0.25 to 0.625 inch, to (23), and pulp to (5). 

5. Two conical trommels, 24 and 40 X 56 inches with 0.25-inch holes, bar- 
ing a speed of 20 n^volutions }>er minute and a slope of 1 inch to the foot 
From (4) and (9); deliver oversize to (6) and undersize to (10). 

6. Ten-inch elevator with an 8-ply rubber belt, 0.0625 inch thick and I^ 
iiiforced on both sides, having a sj>eed of 175 feet per minute, malleable-iron 
buckets, 4.5 X 7 inches, set IS inches apart, and a capacity of from 125 to 150 
tons per 24 hours. The buckets have a life of about 6 months and elevate the 
rock 54 fwt. From (5); delivers to (7). 

7. Trommel, 2x4 feet, with 0.437-inch holes, having a speed of 20 revo- 
lutions per minute and a slope of 1 inch to the foot. From (6); delivers over- 
size to No. 1 and undersize to No. 2 of (s). 

8. Two 2-conipartment Harz jigs. Xo. 1 has 28 X 46-inch sieves, 30.5 X -16- 
inch phin^er compartments, and a 6-inch tail apron, while No. 2 has 28 X 42- 
inch sieves, 30.5 X 42-inch plunger compartments, and a 4.5-ineh tail apron. 
All sieves have 3-millimeter round holes and the height of tailings discharge 
is 5 inches in both cases. From (7), No. 1 is fed with 0.625 to 0.437-incli 
material and No. 2 with 0.437 to 0.25-inch material; deliver mineral to (23), 
middlings to (9), and tailings to (22). 

9. Ailis-C1ialmei*s rolls, 10 X 36 inches, making 175 revolutions per minute 
and having a capacity of from 125 to 150 tons per 24 hours. One roll is in a 
fixed bearing and the other has an adjustable sliding bearing making it rigid. 
The shells have a life of from 6 to 7 months. One set serves two sections. From 
(S): deliver crushed rock to (5). 

10. Six Richards-C'oggin hydraulic classifiers, 1 X 1 X 1.25 feet long, with 
four ().7o-inch spigots each. The first and second spigots have 1.25-inch hy- 
draulic water pipes and the third and fourth 1 inch. One classifier is u.sed 
before each gang of 4 jigs in (1 1), an<l the tailings from the first set of 4 jigs in 
(11) go to the second classifier, etc. From (5); d(»liver spigots to (11) and 
overflows to (IS). 

11. Twenty-four Hodge jigs arranged in six sets of 4 jigs each and each set 
treats the classified tailings from the prececjing set. These are the Charles 
Hodge accelerated jigs of two coni])artnients each and have a graduated adjust- 
able sptH'd. and plung(»rs to work siinultan(»ously or in j)aii*s. there being 2 eccen- 
trics on each plunger. Th(^ iii^t screen area is 22 inclu's wide by 36 inches long 
while the apron bet\v(»en is 22 inches \vid(^ by 2s inches long. Ten-mesh screens 
are used on the coarsest jigs and niincMiil is cleaned ofT four times a day. From 
(10); deliver skimmed mineral from first comj)artnients to (23), skinnned mid- 
dlings from second compartments either to (3) or (12), hutch products from 
both conij)artnients to (1.'^), and tailings from the last set of 4 jigs to (22). 

12. One f>-foot Chili mill having 1 X 12.7-inillinieter punched-slot screens, 
a speed of 50 revolutions per niinut(\ and a ca])acity of 40 tons per 24 hours. 
Th(» shells have a lift* of from G to S months and the ring dies 1 year. From (11); 
deliv(TS pulp to (13). 

13. Two V-shaped settling box(\s about 2X3 feet. From (11) and (12); 
deliver spigots to (14) and overflows to (22). 

14. Four Overstrom tables, ().5 feet wide by 15 feet long, with corners at 
about ()0° and 120°. There are 72 riffles 1.75 inches between centers. The 
tables have a feed and water distributor, the latter 7.33 feet long. Water is 
fed onto the tables through t^ 'nch holes set 4 inches apart and the 
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amount is regulated by small wedges. From (13); deliver mineral to (23), 
middlings to (15), and tailings to (22). 

15. One 2.5-inch centrifugal pump having a speed of 750 revolutions per 
minute, a lift of 15 feet, and a life of 5 months. From (14); delivers to (16). 

16. V-shaped slimes tank, 5.42 feet wide by 5.17 feet deep in the center and 
2.67 feet at the edges. From (15) and (17); delivers spigot to (17) and over- 
flow to (22). 

17. One Overstrom table in detail like (14). From (16); delivers mineral 
to (23); middlings via elevator, to (16); and tailings to (22). 

18. One double slimes-tank composed firstly of a screen box, 2.75 X 10 feet, 
with 0.18S-inch holes to remove chips, etc.; next comes the first settling box 
made of 3-inch plank, 5 by 7.5 by about 5 feet deep; finally there is the second 
W-shaped settling box, 15 feet long by 16 feet wide, with a distributor having 
8 partitions at the feed end. The first two tables in (19) are fed from the first 
settling box and the last four from the second. From (10) ; delivers spigots to 
(19) and overflow to (22). 

19. Six Overstrom tables in detail like (14). From (18); deliver mineral 
to (23), middlings to (20), and tailings to (22). 

20. Slimes tank. From (19) and (21); delivers spigot to (21) and overflow 
to (22). 

21. One Overstrom table in detail like (14). From (20); delivers mineral 
to (23); middlings, via elevator, to (20); and tailings to (22). 

22. Tailings launder. From (8), (11), (13), (14), (16), (17), (18), (19), 
(20), and (21); delivers into Lake Superior. 

23. W-shaped mineral bin. From (2), (3), (4), (8), (11), (14), (17), (19), 
and (21); delivers, via gates, chutes, and cars, to smelter. 

About 20% of the total feed goes to the tables. In 1903 the stamps crushed 
42 tons of ore for each ton of coal burned, and in 1905 it cost about 7.5 cents 
to make a pound of metallic copper at this plant. The tailings average about 
0.335% copper and a recovery of 76% is made. The mill is heated by an ex- 
haust-steam vacuum system draining to a vacuum pump located in the boiler 
house. 

Two shifts are operated in the mill and three in the boiler house per 24 
hours, and the mill runs 6 days a week. 

Power, 

The steel boiler house has five 200 and four 225 horse-power Springfield 
boilers of Scotch type. It is furnished with a Green fuel-(*conomizer, Detroit 
automatic stoker, and Sturtevant blower. Coal is delivered to the boilers by 
gravity and the ashes are delivered, through a launder by means of water, 
into Lake Superior. All exhaust steam, except that used for heating purposes, 
passes through jet condensers into a hot well from which water is fed into the 
boilers at high temperatures. 

A 500 horse-power, 14 X 32 X 30-inch, cross-compound engine running at 
125 revolutions per minute furnishes power to the mill. 

Water, 

There is a 40 X 60-foot steel pump-house with a truss roof and traveling 
crane which houses a 2,000,000-gallon triple-expansion Nordberg pump. Water 
for the mill and boilers comes from a shore well, located S feet below the level 
of Lake Superior, through a tunnel 1,020 feet long. In 1903 water cost about 
1.5 cents per ton of rock stamped, which is less than the average for the district. 

In the fifth and sixth sections equipped with steeple-compound stamps, 
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which take the place of the experimental roller plant described later, four gangs 
of Woodbury jiga, 4 to each gang, have been installed in order to handle a very 
large proportion of fine material previously lost. The Deister tables are ako 
used and are giving excellent results; there are 4 finisher tables, 4 tables for 
re-ground middlings, 2 for middlings from finisher and Chili mill tables, and 14 
slimes tables per head, and it is expected that the tailings from these two sections 
will be from 0.10 to 0.15 of 1% less than those made by the first four sections 
in the mill. 

This practice will undoubtedly supersede that of the first four heads installed. 
In the old practice the jigging of oversize for the production of middlings to re- 
grind, and the slimes table and tank arrangement is productive of a heavy los 
m the tailings. 

The Champion Rolls Mill of the Copper Range Consolidated Company, Painesdde^ 

Michigan. 

The capacity of this mill was 350 tons per 24 hours, but after experimenting 
for some time with this plant on graded crushing, all hope of making this method 
of treatment a success was given up and the fifth and sixth sections of the stamp 
mill take its place. 

F. W. Denton,** general manager^ says: '*The main difficulty was that the 
rolls did not crush the material fine enough to liberate the finer particles of 
copper, so that the extraction was not as good as with the steam stamps, being 
about 66% as against 76%. We also found that the horse-power required was 
a little less than with the steam stamps but, if credit is given the steam stamps 
for doing much more breaking, that is, producing finer material, the question 
of power is rather in favor of the stamps. Furthermore, the character of the 
material from the rolls was such that jigging required a much longer time to 
make the proper separation. The material was in the form of flakes rather than 
round and smooth as with the stamps." 

This is a flow sheet to show "what not to do." Rock from the mine was 
delivered to (1). 

1. Shaking grizzly with 1-inch spaces between the bars. From the mine 
and (9); delivers oversize to (2) and undcrsize to (3). 

2. No. 5 gvratory breaker. From (1); delivers to (3). 

3. Elevator. From (1), (2), (11), and (13); delivers to (4). 

4. Trommel, 3x6 feet, with 0.875-inch holes. From (3); delivers over- 
size to (9) and undcrsize to (5). 

5. Trommel, 3X6 feet, with 0.563-inch holes. From (4) ; delivers over- 
size to (12) and undersize to (6). 

6. Trommel, 3X6 feet, with 0.375-ineh holes. From (5) ; delivers over- 
size to (14) and undersize to (7). 

7. Trommel, 3X6 feet, with 0.125-ineh holes. From (6); delivers over- 
size to (14) and undersize to (8). 

8. Hydraulic discharge. From (7); delivers spigot to (14) and overflow 
to (21). 

9. Trommel, 3X6 feet, with 2-inch holes. From (4); delivers oversize to 
(1) and undersize to (10). 

10. Jig with 1 compartment. From (9) ; delivei*s mineral to (23) and tail- 
ings to (11). 

11. Anaconda rolls, L") X 40 inches. From (10); deliver rock, crushed to 
0.25 inch, to (3). 

12. Jig with 2 compartments. From (5); delivers mineral to (23) and tail- 
ings to (13). 
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13. Rigid rolls, 10 X 36 inches. From (12); deliver rock, crushed to 0.125 
inch, to (3). 

1 L Three Hurz jigs with 2 compartments. All sieves 30 X 40 inches. 
From (G), (7), aiiit (S); deliver hutches^ as mineral, to (23), middlings to (15), 
and tailings to wat^te. 

15. Rigid rolls, 10 X 36 inches, set close. From (14); deliver crushed rock 
to (10), 

16, Classifier with 4 spigots. From (15); delivers spigots to (17) and over- 
flow to (21). 

17, Four 3-compartment jigs. From (16); deliver skimmed mineral from 
first two fompiirt mentis, and hutches, as mineral, from first two compartments 
to (23), middlings to (IH), and tailings to waste. 

18. One 6-foot Huntington inilL From (17); delivers pulp^ crushed through 
a l-niillimoter screen, to (19). 

1<*. Settling tank. From (18) and (20); delivers spigot to (20) and over- 
flow to waste. 

20. Four Overstrora tables. Frotn (19); deliver mineral to (23); middlings, 
by elevator, to (19); and tailing.s to waste. 

21. Settling tank. From (S), (16)^ and (22); delivers spigot to (22) and 
overflow to waste, 

22. Two Overstrom tables. From (21); deliver mineral to (23); middlings, 
by elevator^ to (21); and tailings to waste. 

^ 23. Mineral bin. From (10), (12), (14), (17), (20), and (22); delivers, via 

B|ates, chutes, and cars, to smelter. 

f^ The tables got about 11% of the total tonnaire treated. 

j5 1512. Mill No. ISO. The Trimch ntain Mining Company, Copper 
Range ruNsr^LinATEu C(k\(panv. Tiiimountain^ Mu'higan.** — The noli of this 
com puny is situated at Beacon Hill, two miles wt^st of Redn<lge.'''' Toi^ether 
with thr pump and boiler lionses it ot'cupies a 133.5-acre mill site whicli has a 
mile frontage on Lake Superior The mill building, 210 feet long and 178 
wide, is constructed of steel and has stone fountlations. It contains 4 Nord- 
berg steeple-compound stamps for crushing the rock, and a comph^te equipment 
of jigs, classifiers, tables, etc., to cc»ncentrate the crushed rock.*^'' Tlie [nunp 
house is built of Portage-cmtry sandstone anti has a steel trus.sed roof. The 
rock treate<l is thc^ Baltic anigydaloid containing the economic mineral native 
copper. The problem is to save the copper. 

Only one of tlie four similar stamp sections will be described below. Rock 
from till* mine is delivered to (1). 

1. Stanxp feeder. Receives rock from the mine broken to 3.5 inches and 
finer, and delivers 525 tons of rock per 24 hours, t<igether with 12,150 gallons of 
water, to (2). 

2. One Nordberg steeple-compound stamp provided with a hydraulic mortar- 
discharge and a 2-way screen discharge. The cylinders are 15.5 and 32 inches 
in diameter and the piston makers 1(11 24-inch strokes per mirmte. It cmshes 
653 ions of rock per 24 hours through 0.025-inrh round holes punched staggered, 
with 0.S75 inch between centers, in open-hearth, high-carbon steel ]ila1eJK1875 
inch thick. These plates, when tempered, have an average life of 218.40 days 
and, when unteinpered» of 77.75 days. 

The weight of moving parts, going into the blow, is 7.!^60 pounds, which 
is matle up as follows: Low-pressure piston. 1,115 pounds; high-pressure piston, 
400 pound.s; distance sleeve, 4S0 pounds; piston rod, 775 pounds; stamp shaft 
bomiet, 445 pounds; stamp shaft, 3, HOD pounds; and chilled cast-iron shoe, 
845 pounds. The mortar and anvil blocks weigh 100 tons antl are on concn^t-€ 
foundations^ This requires 262 indicated horse-power, and 7G,H45 gallons of 
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water per 24 hours in addition to 129,984 gallons per 24 hours in the hydraulic 
discharge. Weight and life of mortar linings and wear per ton of rock stampeJ | 
are as follows : 



Hopper liners, hard cast in»n 

Urn 

Top " ' 

Grate frames, j^ray " '* 

Stave liners, chiHed " " 

Murtur dies " " " 

Stamp shoes. " *' '* 

Stamp shaft, acid o|*n hearth steel. 



Weight New 
Pounds. 


Weight Old 
Pounds. 


Life in Days. 


P6uiidsW<a 
RodTGrBaU. 


600.0 


197.0 


105.9 


ojom 


225.0 


102.0 


58.4 


0.0041 


487.0 


280.0 


201.8 


OJOQX 


1,749.0 


384.0 


137.3 


0.0191 


2.82li.0 


1.809.0 


344.5 


0.0057 


798.0 


415.0 


222J0 


0.0034 


84(i.O 


499.0 


12.7 


osan 


3.800.0 


2,903.0 


026.0 


OiX)I6 



From (1), (4), tuul (2S); delivers mortar discharge as No. 1 mineral; and pulp 
from scnH'ii discharge, via 2 launders, to (3). 

3. Two single-spigot hydraulic classifiers having 0.625-inch holes. Each 
handles 326.5 tons of rock and requires 57,5 19 gallons of hydraulic water per 
24 hours. From (2) ; deliver spigots as No. 1 mineral ; and overflows to (4). 

4. Two conical trommels having 0.25-inch round holes, punched staggered, 
0.406 inch betwe(;n centers, in open-hearth, high-carbon st^el plat^, 0.0625 inch 
thick. This phite has an average life, when tempered, of 71.3 days; whenun- 
temp(»re(l, of 59.S days; and when of rolled saw-plate, of 104 days. From (3); 
deliver 128 tons per 24 hours of oversize running 0.32% in copper, via elevator, 
to (2) and undersize to (5). 

5. Two single-spigot hydraulic dassifiei-s with 0.25-inch holes. From (4); 
deliver spigots, as No. 1 mineral; and overflow to (6). 

6. Six 4-spigot hydrauh'c classifiers. Th(^ first two spigots are of 0.75-inch 
pipe and the last two of O.o-inch pipe; the first and third being worn while the 
second and fourth an? new. Two hum 1 red and eighteen thousand six humlrtMl 
and tliirty-four gallons of hydraulic water per 24 houi-s arc add(?d to the first 
spigots and ID.OSl gallons of water are discharged with the pulp; 207,078 gal- 
lons of hydraulic water are added to the second spigots per 24 hours and 19,27S 
gallons of water are discharged with the pulp. One hundred and eighty-seven 
thousand six hundred and ninety-eight gallons of hydraulic water per 2*4 hours 
are added to the third spigots and 14,933 gallons of water are discharged with 
the pulp. One hundred and sixty-eight thousand one hundred and seventy- 
four gallons of hydraulic water ])er 24 hours are added to the fourth spigots an«l 
S,0 12 gallons of water are discharged with \\w. pulp. Handle 525 tons of rock. 
The fiist spigots discharge 132 tons per 24 hours which runs 1.84^^. in copper 
and represents a loss of 0.2SO^',, the second spigots discharge 96 tons per 24 
hours which runs i).^'fi% in copper and n^presents a loss of 0.26%, the third 
spigots discharg*' 54 tons per 24 hours which runs 0.73% in copper and repre- 
sents a loss of 0.25'x., the fourth sj)ig()ts discharge 36 tons per 24 hours which 
runs O.ihV i in copper and represtMits a loss of 0.20%, and the overflows carry 
207 tons of rock per 24 hours. From (5) ; dc^liver the first spigots to (7), second 
si)iK0ts to (S), third spigots to (9), fourth spigots to (10), ami overflows to (l.')) 
and (21). 

7. Six 2-conipartm(nit Ilodge jigs with brass wire-cloth sieves, 24 X 36 
iiich(\s. The head siev(\s of S mesh, 18 wire, and 3 inches deej) have a life of 
321 days. The tail sieves, of U) mesh, 20 wire, and 3 inches deep, have a lif^ 
of 405 days. The plung(»rs, 12 X 3() inches, make 160 strokes per minute. The 
length of stroke? in the head sieves is 1 inch and in the tail sieves O.S75 inch. 
The head siev(\s require 138,636 gallons and the tail sieves 113,328 gallons of 
water per 24 hours. From (6); r' " ^^^96 tons from (7), (8), (9), and (10) 
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of discharges per 24 hours, running 2A% in copper, as "raggings," to (28); 
24.12 tons of hutch productn running l.S3% in copper, representing a loss of 
0-57%, and 23,549 gallons of water per 24 hours, to (11); and tailings to (26). 

8. Six 2-compartment Hodge jigs with brass wire-cloth sieves^ 24 X 36 
inches. The head sieves of 10 mesh, 20 wire, and 3 inches deep, have a life of 
405 days. The tail sieves, of 12 raesh, 21 wire, and 3 inches deep, have a life 
of 540 days. The plungers, 12 X 36 inches, make IGO strokes per minute. 
The lengtli of stroke in the head sieves is O.S7o inch and in the tail sieves 0.8125 
inch. The head sieves require 130,692 gallons and tlu* tail siev(*s 113,112 gal- 
lons of water per 24 hours. From (ii) ; deliver discharges, as raggings, to (2N); 
31.68 tons of Imtch products running 0.61% in copper, representing a loss of 
0.31%, and 23,0511 gallons of water per 24 hours, to (12); and tailings to (26). 

9. Six 2-conipartnient Hoilge jigs with brass wire-cloth siev<*s, 24 X 36 inches. 
The head sieves, of 12 mesh, 21 wire, and 3 inches deep, have a life of 540 days. 
The tail sieves, of 14 mesh, 22 wire, and 3 inrhes deep, have a life of 2*10 days. 
The plungers, 12 X 36 inches, make Iti*) strokes per minute. The [t^ngth of 
stroke in the head sieves is 0.8125 inch and in t fie tail sieves 0.75 inch. The head 
sieves require 138^120 gallons and the tail siev(\s 114^450 gallons of water per 
24 hours. From (6): dt^Hvi^r tlischargc^s, as raggings, to (28); 25.80 tons of 
hutch products running L82*:J, in copper, representing a loss of 0.79%, and 
23,336 gallons of water per 24 hours, to (13); and tailings ta (26), 

10. Six 2-conipartment Hodge jigs with brass wire-cloth sieves, 24 X 36 
inches. The head and tail sit^ves, of 14 mesh, 22 wire, anti 3 inches deep, have 
a life of 200 days. The plungera, 12 X 36 inches, make 100 strokes per minute. 
The lengtli of stroke in the head sieves is O.tiSlJ inch and in the tail sieves 0. 625 
inch. The head sieves reciuire iKI,276 galhnis and the tail sieves S0,t)10 gallons 
of water per 24 liours. From (0); deliver diseharges, as raggings, to (28); 
ll.Ki tons of hul(4i produets running (L2S^ J, in copper^ representing a loss of 
0.26%, and 22,520 gallojis of water per 24 hours, to (14); and tailings to (26). 

IL Twu 3-compartinent Hodge jigs with brass wire'(4u!h sir^ves, 24 X 36 
inches. The heacl sieves, of 10 mesh, 20 wire, and 2.75 inches deep, have a 
life of 405 days. The middle and tail sieves, of 12 mesh, 21 wire^ ami 2.75 ini hes 
deep, have a hfe of 510 linys. The plungers, 12 X 36 inches, make 100 strokes 
per minute. The h-ngth of stroke in the head sieves is 0.875 inch, in the middle 
sieves 0.689 inch, and in the tail sieves 0.025 inch. The head sit*ves require 
46,120 gallons, the middle sieves 29,282 gallons, and the tail sieves 10/252 gal- 
lons of water per 24 hours. From (7), via 2 hydraulic elassiliers whieh requim 
23,740 gallons of hydraulic water per 24 hours and rleliver 0.78 ton of mineral 
running 75.8% in copper with 4,88.5 gallons of water per 21 hours; deliver 1.62 
ions of material on the head sieves and diseharges as No. 2 mineral running 
85.5% in copper; 0.30 ton of material on tlie middle sieves, as No. 4 mineral 
running 56.7% in copper; 0.44 ton of material on tail sieves, as sand running 
8.3% in copper, to (23); and tailings to (26), 

12. Two 3-compartment Hodge jigs w^ith brass wire-cloth sieves, 24 X36 
inches. The liead and middle sieves, of 12 mesh, 21 wire, and 2.75 inches deep, 
have a life of 540 days. The tail sieves of 14 mesh, 22 wire, and 2.75 inches deep, 
have a life of 260 days. The plungers, 12 X 30 inches, make 160 strokr^s per 
minute. The length of stroke m the head sieves is 0,75 ineh and in the middle 
and tail sieves 0.625 inch. The head sieves require 52,258 gallons, the middle 
sieves 42,326 gallons, and the tail sieves 33,860 gallons of water per 24 hours. 
From (8); deliver 0.16 ton of material on head sieves as Xo, 2 mineral running 
y5% in copper; 0.12 ton of material on middle sieves as No. 4 mineral running 
^2% in copper; 0.26 ton of material on tail sieves, as sand running 0.5% in 
ir, to (23); and tailings to (26) • 
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13. Two 3*compartnit*nt Hodge jigs with brass wire-cloth sieves. 2-lX|l] 
iiiches. of 14 niL^sh, 22 wiro, and 275 incheii deep, having a life of 260 ^UH 
The plujigei*s*, 12 X 36 inches, make IIHJ stroke.s per minute. The leogtaH 
stroke in the head sieves is 0.625 inch, in the middle meves 0.5«}3 ineh, antf^ 
the tail sieves 0,5 inch. The head meverf re<|uire 44,910 gallons, the middk I 
sieves 50,876 gallons, and the tail sieves 32,306 gallons of water per 24 hmn. I 
From (9); delivers 0.12 ton of material on head sieves per 24 hours, as No 1 I 
mineral runtiing oD.cH'^; in copper; 0.12 ton of material on middle sieves per 24 I 
hours as No. 4 mineral running 4i).8% in copper: 0.30 tan of material on tail 
sieves per 24 hours, as sand running 6.0% in copper, tu (23} ; and lailings k 
(26K 

14. Two 3-compartment Hodge jigs with brass wiiT-eloth sieves, 24 XSS] 
inches. The hrad and nu'ddle sieves, of 14 me.-^h, 22 wire, and 2:75 inches Jeep, 
have a life of 264* days. The tail sieves, of liS mes^h, 24 wire, and 2.75 incb?* 
de(*p, have a life of 23U days. The plungers, 12 X 36 inches, make 160 stroke? 
per minute. The length of stroke in the head and middle sieves is 0.56^^ inrh 
and in the tail sieves 0,5 ineli. The head sieves i-equire 35,414 gallons, the 
middle sieves 43,706 gallons, and the tail sieves 41,806 gallons of water per 24 
hours. P>om {10); deliver 0,12 ton of material on head sic^ves per 24 htnjw 
as No, 4 mineral running 18,7*;;, in copper; O.ON ton of material on middle sicvr? 
jH-T 24 hours, as sand running 8.2% in copper, to (23); 0.16 ton of material m 
tail sieves per 24 horn's, as sand running 8.6% in copper, to (23); and tailings 
to (26). 

15. V-shaped settling tank. From (6), Fifty-eight thousand six hundml 
and sixty-two galloii.s of hyrlraulic water per 24 hours are added and go to (15) 
and (21). Delivers 20 tons running 0.71%, in copper and 54.232 gidlons gf 
water in the pulp, via plug discharges, per 24 hours, to the upiM-r decks of (16); 
22 tons running 0.63*7 if* coppf^r and 4^1,478 gallons €>f wutt'r in the pulp, vii 
plug discharges, per 24 hours, to the Iowit tlecks of (16); and 101.5 tons iiinning 
0.33'/t) in copper, as ovi*rflow, to (2(>). 

16. Two doul>Ie-decked round tables, 17,5 fed in diameter, making 1 revo- 
lution per minute and sloping 1.25 jjirhes to the foot. They also have spreaders 
which are 7 feet in diameter and have a slope of 1.5 inches per foot. They 
ret|uire 23,172 gallons of clear water on the upper decks anrl 23,172 gallons 
of clear water on the lower decks per 24 hours, besides 15.404 gallons of jet 
watiT to each tleck. From (15); deliver concentrates to (17) and 22.5 tana 
of tailings per 24 hours, running 0.25%, in copper, to (25). 

17. Centrifugal pump with a 2.5'incli discharge, and a fan 14.5 inches in 
diameter, making 700 revolutions pcT minute for a 20-foot lift and 500 revo- 
lutions per minute for a 15-foot lift. Hrmdles about 30 tons of material with 
lO'^'o solids per 24 hours. A hard cast-iron lining lasts (* months and a chilled 
cast-iron fan 12 months. (17), (20), and (24) re(|uire 36,078 gallons of clear 
water per 24 hours for the arbors. From (16), (22), and (25); delivers t-o (18). 

18. Distrilniting box. From (17); delivers to (19). 

19. Two Wilfley tables. Receive 27.2 tons per 24 hours from (18) running 
}.3S% in copper and carrying 60,617 gallons of water. This represeiUs a loss 
of 0.62%. Require 35.325 gallons of wash water per 24 hours. Deliver 0.58 
ton of concentrates per 24 hours rumiing 30.5% in copper as No. 5 mineral with 
2,534 gallons of water; antl about 27 tons of tailings per 24 houi*s, running 
0.62% in copper and carrying 66,2fj(i gallons of water, to (20). 

20. Centrifugal pump with dt^tails as in (17). From (19); delivers to (21). 

21. V-shaped settling tank. From (6) and (20) ; delivers 1F5 tons rumiing 
0.66% in copper, and 41)Ji07 gallons of water in the pulp, via plug discharges, 
per 24 hours, to the upper deck of (22^' ^\0 tons running 0.59% in copper and 
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65,346 gallons of water in the pulp, via plug discharges, per 24 hours, to the lower 
deck of (22); and overflow to (26). 

22. One double-decked round table with details as in (16). It requires 
11,586 gallons of clear water on the upper deck and 11,586 gallons of clear 
water on the lower deck per 24 hours, besides 15,494 gallons of jet water for 
each deck. From (21); delivers concentrates to (17) and 12.82 tons of tailings 
per 24 hours, running 0.22% in copper, to (25). 

23. Two 2-compartment Hodge jigs with brass wire-cloth sieves, 24 X 36 
inches. The head sieves, of 14 mesh, 22 wire, and 2.75 inches deep, have a life 
of 260 days. The tail sieves, of 16 mesh, 24 wire, and 2.75 inches deep, have 
a life of 230 days. The plungers, 12 X 36 inches, make 160 strokes per minute. 
The length of stroke in the head sieves is 0.625 inch and in the tail sieves 0.563 
inch. The feed hoppers require 41,436 gallons, the head sieves 48,320 gallons, 
and the tail sieves 44,300 gallons of water per 24 hours. From (11), (12), (13), 
(14), and (27) ; deliver material on sieves and discharges as Nos. 2 and 3 mineral; 
and tailings to (24). 

24. Centrifugal pump with details as in (17). From (23); delivers to (29). 

25. Three settling tanks to be used when Wilfley tables (19) are not run. 
From (16) and (22); deliver settlings to (17) and overflow to No. 2 catch basin 
or to (26). 

26. General tailings launder. From (7), (8), (9), (10), (11), (12), (13), (14), 
(15), (21), (25), (27), and (29); delivers to dump. 

27. Settling tanks. From overflow of mineral and rejigging sand-tanks; 
delivers 4.41 tons per 24 hours, as plug discharges, running 1.94% in copper 
to (2:>i) and overflows to (26). 

28. No. 1 catch basin. From (7), (8), (9), and (10); delivers " raggings " to 

29. One Wilfley table. From (24); delivers concentrates as mineral; and 
tailings to (26). 

Following is a sizing test of the material from the stamp mortar with 0.625- 
inch round holes in the mortar screens: 



On 5 Mesh. 
Percent. 


Through 5 

Mesh, on 10. 

Percent. 


Through 10 

Mesh, on 20. 

Percent. 


Through 20 

Mesh, on 40. 

Percent. 


Through 40 

Mesh, on 00. 

Percent. 


Through 00 

Mesh, on 100. 

Percent. 


Through 100 

Mesh. 

Percent. 


44.5 


11.1 


7.0 


6.2 


4.8 


3.0 


22.2 



Percentage of the various grades of mineral in the mill returns: 

Barrel work or ma.ss copper 6.6 percent. 

Number 1 hutch or mortar discharge 12.7 

1 discharge 0.625 inch 10.7 

" 1 " rough jigs 16.7 " 

2 '• finisher jigs 21.9 

" 3 " slimes copper 31.5 " 

In 1905, 570,613 tons of rock were stamped yielding 10,476,462 pounds of 
fine copper, or 18.36 pounds copper per ton of rock. The cost of production 
was 10.5 cents per pound for ordinary expenses and 10.93 cents including con- 
struction expenses. The cost of mining, stamping, dressing, etc., was $1.59 
per ton of rock for ordinary working expenses and $1.67 per ton including con- 
struction expenses. 

The most of the figures on water quantities and capacities of the various 
machines as shown in the above flow sheet were obtained in 1905. Since that 
time rolls have been installed for re-crushing, changing the conditions somewhat 
throughout the mill. 

The mill operates two shifts per day and 6 days a week. The average cost 
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per ton of rock stamped during 1907 was 20,05 cents; 49-65% of which wsi 
for labor, 2.32% for stamp shac\s, 1.10% for oils and waste, 38.49% for coal, wJ 
8.43% for all other suppl»c*«. 

Pumping costs were L94 cents per ton of rock stamped. 41.32 tons of ftK^k 
were stamped per ton of coal burned. 22 JS tons of rock were stamped |yf 
man per day. 

Powei' and Water. 

Six 250 horse-power Stirling water- tube boilers and a Green economi«ef, 
houaed in a separate building of stone and steel, supply power to the niiU. 
These boilers are run at a pressure of 175 pounds per square ineh. Draft for 
the boilers is furnished by a brick-lined self-supporting st(X?l smoke*stack, 7i 
feet in diameter and 105 feet high. 

There is a Nordberg pump handling 2O;04XI,04KJ gallons per 24 hours. It 
takes feed water, for the regular operatians, through a 40-ineh riveted 8t€^ 
pipe, 1 ,4U0 feet lung, from an intake crib in Lake Superior. On Sundays ur 
days of inactivity, feet! water is pumpeil from a small stream whieh is dammed 
about IJ^M) feet away. The pumijs fur fire protection and for domestic pur- 
poses are also served from this stream. By actual me asu lenient the amount 
of water require*! by tlie mill in 1905, as shown in the flow sheet, was 3,038,954 
gallons per 24 hours, 

5 1513. Mill So. isl. Osceol.\ Mill, O.sceola Consolidated Mjmno 
Company, Opechke, Michigan. ^This mill,^ having a total eapaeity of 5;i.i0 
tons per 24 hum's, was Innlt in two sections, the firsts completed in 1-S09, contains 
3 steam stamps am! the neeoml, completetl in UJ02, contains 4 steam stamps. 
Each section is ilivided into units, there being one complete unit for each stamp. 
The capacity of each unit is 7f>0 tons per 24 hours. The cost of niitiing per tgn 
is only 10.95 cents. The rock treated is a cupriferous amygdaloid and the 
economic mineral is native copper.'^' The problem is to reeuvt*r the copper. 

Tht; rock, after being crushed in the rock houses at the mine, is delivened 
to (1). 

L Cars of 40 tons capacity. From the rock houses; deliver to (2). 

2. Seven mill bins each luiving a capacitv of 450 tons. Fi-om (1); deliver 
to (3). 

3. Seven feed aprons. From (2) ; deliver hand-picked nuggets to smelter 
and milling rock to (4). 

Only one unit described from here. 

4. Compound steam i^tamp, 15,5 and 32 X 24 inches. It has a rountl 
mortar with vertirnl circular screens, *>* iiu4ies in diameter, having OJ325'inrh 
round holes. HandU*s 750 tons per 24 hours. From (3); delivers nuggeta to 
(5) and pulp to (t>), 

5. Mortar discharge with a 4-inch round opening. The protluct runs 96,0% 
in copper and represents 7.4% of the values recovereih From (4); deliver 
to smelter. 

6. Two hydraulic launder discharges. The spigots amount to 14.0% of 
the values recovered. From (4); deliver spigots, as No. 1 mineral, to (51) and 
overflows to (7). 

7. Two conical trommels, 28 and 40.5 X 60 inches, with 0.1875-iiich round 
holes. From (6); tleliver oversij^e to (8) and nndersize to (19), 

8. Elevator. From (7), (11). and (12); delivers to (9). 

9. Rigid rolls, 10 X 30 inches, made by the Denver Engineering Company, 
crushing 250 tons per 24 hours aufl requiring 25 hoi-se-power. The tirej^, hi*- 
fore using, are 3,5 inches thick, and after using, 0.375 inch or less. From (8); 
deliver crushed rock to (10), 
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10. Conical trommel with OJ375*inch round holes and other details as in (7). 
From W; delivers oversize to {11} and imilersize to (12). 

U. Double jig with sieves, 2x3 feet, with a eapacity of 70 tons per 24 
hours. The concentrates represent 19*0 percent of the values recovered. From 
(10); delivers discharges, as No. 1 mineral, to (51), hutch products to (28), and 
tailings to (S). 

12. Conical trommel, 38 and 50.5 X <30 inches, with 0. lS75-iiich round holes. 
From (10); delivers oversize to (S) and underside to (13). 

13. Four double classifiers with n capacity of 2(K) tonw per 24 hours. P'rom 
(12); deliver spigots to (14) and overflows to (17). 

14. Four double jigs with sieves, 2 X 3 feet, handling 190 tons per 24 hours, 
The concentrates represent *}.0% of the values recovered. From (13); deliver 
discharges, as No. 1 and No, 4 mineral, to (51) and (54), hutch products to (15), 
and tailings to (55). 

15. Two double jigs with sieves, 2X3 feet. The concentrates represent 
8.0% of the values recovered. From (14) and (17); deliver discharges, as 
No. 2 mineral^to (52); hutch products, as No. 3 mineral, to (53); and tailings 
to (16). 

16. Double jig w^ith sieves, 2 X 3 feet. From (15) ; delivei's hutch products, 
as No. 4 mineral, to (54) and tailings to (55). 

17. Four settling tanks. From (13); deliver spigots to (15) and overflowa 
to (18). 

18. Sand pump. From (17); delivers to (10). 

19. Eh*vcn double classifi<M\s with n capacity of 500 tons per 24 hours. From 
(7) and (50); ilcliver spigots, anKuuiting to 2S0 tons per 24 hours, to (20), and 
overflows, amounting to 220 tons per 24 hours, to (39). 

20. Eleven double jigs with sieves, 2X3 feet, handlinjr 2S0 tons per 24 
hours. The concentrates repres«'nt 7A)%^ of the values recovered. From (19); 
deli vfT discharges, as No. 1 and No, 4 mineral, to (51) and (54), hutch products 
tcj (28^, and tailings to (21). 

21. Eleven double jigs with sieves, 2X3 feet. From (20); deliver hutch 
products to (22) and 235 tons of tailings per 24 hours to (55). 

22. Four *:hnvatcring boxes handling lij tons per 24 hours. From (21); 
deliver rock to (23) and water to (31). 

23. Four double jigs with sieves, 2 X 3 feet. From (22); deliver hutch 
products, as No. 3 mineral, to (53) and tailings to (24). 

24. Four de watering boxes. From (23) ; deliver rock to (25) and water 
to (34). 

25. Four double jigs with sieves, 2 X 3 feet. From (24) ; deliver hutch 
products, as No, 4 mineral, to (54) and tailings to (26). 

26. Four dewatering boxes. From (25); deliver rock to (27) and w^ater 
to (37). 

27. Four double jigs with sieves, 2 X 3 fr*ct. From (26); deliver hutch 
protlucts to (47) and tailings to (55). 

28. Four ilewat taring boxes handling about 22 tons per 24 hours. From 
(11) and (20); deliver rock to (29) and water to (31). 

20. Four hvflraulic apron-discharges. The spigots represent 18.0% of the 
values recovered. From (28); deliver spigots, as No. 2 mineral, to (52) and 
pulp to (30). 

30. Eight double jigs wnlh sieves, 2 X 3 feet. The concentrates represent 
8.0% of the values recovered. From (29) and (31); tlcliver hutch products, 
as No. 2 mineral, to (52) and tailings to (32), 

31, Four dewatering boxes. From (22), (28), and (39); deliver rock to 
(30) and water to (38). 
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32. Four dewatcring boxes. From (30); deliver rock to (33) and wat« 
to (34). 

33. Four double jigs with sieves, 2X3 feet. From (32) and (34); deliver 
hutch products, as No. 4 mineral, to (54) and tailings to (35). 

34. Four dewatering boxes. From (24) and (32) ; deliver rock to (33) and 
water to (38). 

35. Four dewatering boxes. From (33); deliver rock to (36) and water 
to (37). 

36. Eight double jigs with sieves, 2X3 feet. From (35) and (37); deliver 
hutch products to (47) and tailings to (55). 

37. Four dewatering boxes. From (26) and (35); deliver rock to (36) and 
water to (38). 

38. Two settling runs. From (31), (34), and (37); deliver settlings to (47) 
and tailings to (55). 

39. Eleven settling tanks. From (19); deliver settlings to (31) and over- 
flows to (40). 

40. Two slimes tanks. From (18), (39), (43), and (45); deliver spigots, 
amounting to 120 tons per 24 hours, to (41), and overflows to (55). 

41. Six round tables, 17 feet in diameter, w^ith a capacity of 120 tons per 
24 hours. From (40) ; deliver concentrates to (42) and tailings to (46). 

42. Sand pump. From (41); delivers to (43). 

43. Tank. From (42); di^livers spigot to (44) and overflow to (40). 

44. Wilfley table with a capacity of 26 tons per 24 hours. The concentrates 
repn^sent 5.0';^ of the values recovered. From (43) ; delivers concentrates, as 
No. 4 mineral, to (54) and tailings to (45). 

45. Sand pump. From (44) and (16); delivers to (40). 

46. Settling run. From (41); delivers settlings to (45) and 120 tons of 
tailings per 24 liours to {i)i>). 

47. Feed hopper. From (27), (30), and (38); delivers to (48). 

48. Double jii: with sieves, 2 X 3 feet. From (47) ; delivers hutch products, 
as No. 4 mineral, to (54), and tailings to (19). 

49. Double jig with sleeves, 2 X 3 feet. From (48); delivers hutch products, 
as No. 4 mineral, to (54), and tailings to C50). 

50. Sand pump. From (49); delivers to (19). 

51. Concentrates bin for No. 1 mineral. From (6), (11), (14), and (20); 
d(4iv(M*s to smelt(*r. 

52. Concentrates bin for No. 2 minc^ral. From (15), (29), and (30); delivers 
to sm(lt(M'. 

53. Concentrates bin for No. 3 mineral. From (15) and (23); delivers to 
smelter. 

54. (\)ncentrates bin for No. 4 mineral. From (14), (16), (20), (25), (33), 
(44), (48), and (49); deliv(M\s to smelter. 

55. Tailings launder. From (14), (16), (21), (27), (36), (38), (40), and (46); 
delivers to dump. 

The concentrates average.^ to run 75.0% in copper. 

The largest size of conc(»nt rates made, which are not hand picked, is about 
4 inches in diameter. The largest size of tailings made is 0. 1875 inch in diameter. 

§ 1514. Mill No. 182. Quincy Mining Company's Mills, Hancock, 
Michigan. — Then* an* two mills, '*^^ located at Mason on Torch Lake, having 
a combin(»d cai)acity of 4,700 tons per 24 hours. Mill No. 1 is built of wood 
and has 5 stamps, while Mill No. 2, built of steel on stone foundations, has a 
floor area of 132 X 216 feet and 3 stamps. 

The economic mineral is native copper contained in a rock known as the 
Pewabic amygdaloid.*^^ '^' '^"oblem is to save the copper. 
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Rock Houses. 

The mine rock is dumped from the skips upon grizzlies which are made in 
two sections. The upper section is constructed of 2-inch steel bars placed 2 inches 
apart and sloping at an angle of 45°. In the lower section the bars are 12 
inches between centers and slope at an angle of 20°. This combination grizzly 
automatically assorts the rock into three grades, of which the fine undersize goes 
to the mill bins, the coarse undersize is delivered, via chutes, to 2 Dodge rock 
breakers on the floor below; and the material too large to pass through the 10- 
inch space in the lower section of the grizzly is broken up by a steam trip ham- 
mer. Rock from the rock houses is delivered to (1). 

A complete set of jigs and tables are used in connection with each stamp, 
the whole being considered as a unit. One of these units, No. 8 in Mill No. 2, 
is described below. 

1. Bin, 20 feet wide by 312 feet long, having a capacity of approximately 
1,000 tons. From the Rock House; delivers to (2). 

2. Feed apron. From (1); delivers hand-picked mass copper to (41) and 
milling rock to (3). 

3. Allis-Chalmers simple 2-way steam stamp. It has a 20-inch cylinder 
and makes 107. oS 25-inch strokes per minute under a steam pressure of 142 
poimds and crushes through 0.62o-inch screen openings. The foundations are 
built up of heavy timbers and concrete, surrounded by a bottom plate weighing 
22 tons, a middle plate weighing 18 tons, and a top plate weighing 18 tons,'all 
of which are solid iron castings. The stamp is equipped with an hydraulic 
mortar discharge which differs from the Parnall-Krause discharge by having 
its exit from the top of the stave liner above the bowl of the mortar. The 
hydraulic water is also constant instead of being intermittent, and the pres- 
sure is regulated by a valve. The discharge is elliptical in form with axes 
2.5 X 3 inches. Results of a test on this type of stamp follow: 

Test on No. 7 head of No. 2 mill, stamping No. 6 shaft rock from January 27 
to Februar}' 1, 1008, inclusive: 





RunniiiR Time. 




Date. 


Stopped for Repairs. 


Actual Time Run. 


Tons of Rock. 




Hours. 


Minutes. 

30 
25 
55 
25 
25 


Hours. 


Minutes. 




TanuAfv 27 ... 




23 
22 
23 
23 
23 
23 


30 
35 
05 
35 
35 


687.875 


January ^ 


1 


814.475 


•• 29 


749.075 


30 




736.400 


31 




753 250 


February 1 


1 


758.900 










Totals 


4 


40 1 139 


20 


4,499.975 







Tons of rock actually stamped per day . 
Tons of rock stamped per 24 hours' run . 



750. 
775. 



Steam pressure, 135 pounds. Rolls were run during the above test. From (2) ; 
delivers discharge to (41) and pulp to (4). 

4. Two hydraulic classifiers. The spigots from these classifiers with the 
hydraulic discharge from the stamp mortars yield about 60% of the total pro- 
duction of copper. From (3); deliver spigots to (41) and overflows to (5). 

5. Two conical trommels, 4.47 and 5.31 X 2.5 feet long. Screens are 0.083 
inch thick, slightly hardened, and have 0.25-inch holes. From (4); deliver 
oversize to (6) and undersize to (14). 

6. Two Hodge bull jigs with 12-mesh, 12-wire sieves having a life of 90 
days and plungers making 140 1.125-inch strokes per minute. Capacity 150 
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From (10) ami (U); delivers spigot to (13) and over- 
iM'om (12); delivers concentrates to (41) and tailing;? 
From (5); deliver spigots to (41) and over- 



tons. From (5) and (9) ; deliver mineral, via automatic discharges, to (111 
ajid tailingt* to (7). 

7. Twelve*ineh elevator with an 8-ply belt having a speed of 450 fett prr 
minute, a life of from 20 to 30 month^s, 42 buckets, 5 X 6 X 10 inches, set \^ 
inches apart, having a life of about 1 year and elevating the rock 3L25 feel 
From (6); delivers to (S). 

S. Sturtevant roUn^ 16 X 32 inches, making 100 revolutions per minuU. 
Combined weight of shellH in 2.074 pounds* From 1,2CK) Ui 1,600 pounds of 
copper are libera ted here dail}' which fonnerly went back to (2). Fnjm (7); 
deliver rruftlied rock to (9), 

9. Trommel with details like (5). From (8); delivers oversize to (6) and 
undei-size to (10). 

10. Two-spigot classifier. From (9); delivers spigots to (11) and overflow 
^^ (12). 

11. Six 2-compartment Hod^e jigs with 8-mesh, H-wire eieve.s in the first 
compartments having a Ufr of 150 days, 10-niet^h^ 10-w^ire sieves in the seconti 
compartments having a life of 300 thiy??, and plungers making 162 0.875-i«fh 
strokes per minute. From (10); deliver discharges to (41), hutches to (12), 
and tailings to (44). 

12. Settling tank 
flow to (44), 

13. Wilfley table, 
to (44). 

14. Two hydrauUc classifiers, 
flows to (15). 

15. Six 4-spigot classifiers. From (14); deliver first and second spigots to 
(16), third and fourtb spigots to (17), and overflows to (24) and (29), 

16* Twelve 2-compartment Hodge jigs with details like (11), From (15); 
deliver hutches to (111), middlings to (ItS), anri tailings to (44) or (45). 

17. Twelve 2-compartment Hodge jigs with details like (11), From (15)S 
deliver hutches to (19) and tailings to (44) or (45). 

IS. Hodge and Cleaves cast-iron sand pump with arbor. 2 inches in diameter, 
and chilled rast-iron fan, 14.5 inches In diameter from the tips of the fans. The 
pump also has a reuiovable chilletl east-iron lining ainl a speed of 750 revolu 
tions per odnute. When pumping 0/J5-inrh material against a head of 10 
feet, it lias a capacity of 30 tons per 24 hours and a life of from 7 to S wec*ks. 
Wlien pumping material that would pass a 10-mesli sieve against a head of 
15 fee t, it has a capacity of 75 tons and a life of from 7 to S months. From 
(16); delivers to (32). 

19. Two hydravdic classifiers. From (15) and (17); deliver spigots to (41) 
and overflows to (20). 

20. Two 2-spigyt classifiers. From (19); tleliver spigots to (23) ami over- 
flow's to (21). 

21. Two settling tanks. From (20); deliver spigots to (22) and overflows 
to (44). 

22. Two Wilfley tables. From (21); deliver concentrates to (41) and tail- 
ings to (44). 

23. Six 2-compartraent Hodge jigs with 12-mesh, 12-wire sieves in the first 
compartments having a life of 400 days, 14-mesh, 14*wire sieves in the second 
compartments having a life of 550 days, and plungers making 172 0,625-inch 
.strokes jier minute. From (20); deliver first two hutches to (41), second two 
hutches to (40), last tw^o hutches to (25), and tailings to (44), 

24. Settling tank. From (15); delivers spigots to (25) and (26) and over- 
flow to (44). 
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25. Wilfley table. From (23), (24), (37), and (40); delivers concentrates 
> (27) and tailings to (44). 

26. Two Wilfley tables. From (24) ; deliver concentrates to (27) and tail- 
igs to (44). 

27. Hodge and Cleaves cast-iron sand pump with details like (18). From 
>5), (26), and (30); delivers to (28). 

28. Settling tank. From (27); delivers spigot to (31) and overflow to 
19). 

29. Settling tank. From (15), (28), and (31); delivers spigots to (30) and 
verflow to (44). 

30. Three Wilfley tables. From (29); deliver concentrates to (27) and 
ailings to (44). 

31. Standard slime table. From (28); delivers concentrates to (43) and 
ailings to (29). 

32. Settling tank. Receives middling product from roughing jigs of three 
ections. From (18); delivers to (33). 

33. Trent Chili mill. From (32) and (47); delivers pulp to (34). 

34. Two Hodge and Cleaves cast-iron sand pumps with details like (18). 
•>om (33); deliver to (35). 

35. Hydraulic classifier. From (34); delivers spigot to (42) and overflow 
o (36). 

36. One 2-spigot classifier. From (35); delivers spigots to (37) and over- 
low to (38). 

37. Three 2-compartment Hodge jigs with details like (23). From (36); 
leliver first four hutches to (43), last two hutches to (25), and tailings to (44). 

38. Settling tank. From (36); delivers to (39). 

39. Wilfley table. From (38); delivers concentrates to (43) and tailings 
o (44). 

40. Two 2-compartment Hodge jigs with details like (23). From (23); 
leliver hutches to (41) and tailings to (25). 

41. Mineral bin No. 1. From (2), (3), (4), (6), (11), (13), (14), (19), (22), 
;23), and (40); delivers to smelter. 

42. Mineral bin No. 2. From (35) ; delivers to smelter. 

43. Mineral bin No. 3. From (31), (37), and (39); delivers to smelter. 

44. Tailings launder. From (11), (12), (13), (16), (17), (21), (22), (23), 
;24), (25), (26), (29), (30), (37), (39), (48), (49), (50), and (51); delivers to dump. 

Experimental Plant. 

This plant was installed for the treatment of the roughing-jig tailings. From 
the roughing jigs (16) and (17), the tailings are delivered to (45). 

45. Nordberg rolls, 16 X 36 inches, making 100 revolutions per minute. 
Combined weight of shells is 3,384 pounds. From (16) and (17) ; deliver crushed 
rock to (46). 

46. Twelve-inch elevator with details like (7). From (45); delivers to (47). 

47. Trommel with details like (5). From (46); delivers oversize to (33) 
and undersize to (48). 

48. Classifier. From (47); delivers spigots to (49) and overflow to (44). 

49. Hodge 2-compartment jigs with details like (23). From (48); deliver 
hutches to (60) and tailings to (44). 

50 Settling tank. From (49); delivers spigots to (51) and overflow to 

61. Wilfley tables. From (50); deliver concentrates to (52) and tailings to 
(44). 
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52. Bm for coneontrates. From (50); delivers, via tram, to smelters. 

(41), (42), (43), and (52). Tlte^e bins are construeted of concrete and cemenr 
and arc? kept at a tenipcraturr- of HP to dry out the water. The niiruTal bia« 
for both roills are loratotl at Mill 1. Mineral from Mill 1 h dvYivprvd via a 
bucket aerial tram, and mineral from mill 2 via electric surface tram. The gatw 
to tlie bins are operated by steam. 

The a<loption of hydraulic dificharges and other improvements has incrpased 
the capacity of the .stamp heads in Mill 2 about 25%. Changes in the method 
of I'oneentration, using Wilfley tables in connection with finisher jigs, has in- 
ereiused the capacity about 30%, with labor costs reduced 25% and loss m 
tailings cut down about 65%». The concentrates from the above system of 
tables and jigs now run over 70% and the tailings 0.20%, in copper^ wKile thoy 
formerly ran 57.0 and il^W q n^spectively. 

The oversize from tin* stump tnjnimels is passed to 2 jigs and thence to rolk 
The materiiil passing through the rolls is t routed entirely separate from the 
undei-size of the stump trommels in order to determine what the rolls are doiug. 
It has been found that from 1,200 to 1.600 poumls of copper per 24 hours w 
f'Xtraeted, and as this was formerly retunietl to the stamps, it is evident that 
a large saving is effected by the elimination of the abnision of this naaterial in 
the stamps. 

Of the present product of the mill about 30% is No. 3 grade mineral carrying 
very fine eopper 

In 11K)5, 1,135,162 tons of rock were stamped yielding 18,827,557 pounds 
of fine copper, or u return of H>.5 pounds of fine copper per ton of rock. 

.\t the No, 1 Mill n 21 X 2rj-in€h '* simple steam stamp " has been in operation 
for a year and given excellent results as regards rock stumped, steam used per 
horse-power hour, attention, and repairs. This stamp was made in the Quincy 
shops after the Allis-Chulniers type. It uses 100 pomids of steam pressun* 
and makes 102.1} drops per minute. Its capacity is about one-third grc^ater 
than the ."^tamp (iescril>ed under (3). One man can attend to 3 of the.se stamps 
per shift. 

The concentrates run u!>out 65% copper, this tenor being detemiined by 
practical results to be th*^ most economical to make for both the mills and the 
smelter. The tailings average about 0,24% copper. 

Samples are tuken from wmy jig, table, and machine where a loss of copper 
is liable to occur, including the tailings launder, day and night. This metho<l 
of watching results has, at this property, proved money well spent. The mills 
run 2 shifts a day, 6 days a week. 



Power and Water. 
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Power is furnished to the mills by four 2,^>0 horse-power Wickea vertici 
water-tube boilers, located in a sejiarate building, 56 X DO feet, having a steel 
frame and stone foundations. 

An electric lighting system is used. 

About 30,000,000 gallons of water per 21 hours are required for the present 
tonnage, or a ratio of about 20 parts of water to 1 part of solids. This water is 
taken from Torch Lake through a tunnel, 7 X 7.5 feet, driven for 100 feet under 
the bed of the lake. The pump house, 54 X 54 feet, is constructed of briclc. 
An Ailis-Chalmers vertical triple-expansion pump with a eapucity of 20,000,000 
gallons per 24 hours, and three smaller pumps with a combined capacity of 
21,000/iOO gallons per 24 hours furnish all the water necessary for the milling 
and boiler supply* 
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V. Mills Saving only Pyrite. 

Mills 183 and 184 illuBtrate this group of concentrating plants which dress 
ore for the manufacture of sulphuric acitl. 

§ 1515. Mill No. 183. Arminius Mill, Armimcs Chemical Company, 
MiNKRAL, LnrtHA County, Virginia,"" — This mill has a capacity of 250 tons 
in 10 hours.** The ore consists of the economic mineral cupriferous pyrite 
in a shite gangue. The problem ia to save the pyrite. Run of mine ore is 
delivered to (1), but some mixed ore and slate is broken with hammers and 
delivered, via car, to (2). 

L Two grizzlies, 10,25 feet long, arranged in series with steel bars 2.25 inches 
in diameter at the top, tapered to 1.75 inches tit the bottom and hung loose in 
chilled-iron sockets. The upper grizzly has i), 75-inch spaces between the bars 
at the top, 1.25-inch at the bottom, and a slope of 7.25 inches to the foot. The 
lower griKxly has 2.5-inch spuces between the bars at the top, 3.5-inch at the 
bottomland a slope of 5.75 inches to the foot. From the mine; deliver material 
larger than 3,5 inches, via bin anti car, to (2); material between 3.5 ami 1.25 
inches, via bin ani( car, to (3); and material smaller than 1.25 inches^ via bin 
and car, to (0). 

2. One Buchanan breaker with a 9 X 15-inch jaw opening and manganese- 
steel jaw plates breaking to 4 niches. From the nnne and (l ) ; delivers crushed 
ore t^ (3). 

3. One 1 t-ioch Robins belt conveyor with a 4-ply rubber belt having a 
speed of 300 feet per minute. From (1) and (2); delivers to (4). 

4. One Grizzly with 1.5-inch steel bars set L5 inches apart and sloping 12 
inches to the foot. Made fan-shaped. From (3) ; delivers oversize to (5) and 
undersi?,e to (6). 

5. One Dodge breaker with a 11 by 15-inch jaw opening and steel jaw- 
plates breaking to 1.5 inches. From (1|; delivers crushed ore to (G). 

The mill is divided into three similar sections from this point. Only one 
ift describetl. 

0. One hexagonal trommel, 3 X 10 feet, with OJ 1 X 0.5-inch slot punched 
holes. Slopes 2 inches to the foot ami makes L5 revolutions per minute. From 
(1), (4), (5), and (^J); delivers oversize to (7) antl undersize to (10), 

7. One set of gean^l rolls, made by Beckett anil McDowell, 14 X 30 inches. 
The steel shells wT^igh l,(Mi3 pouofls when new and make 30 revolutions per 
minute. From (G) ; deliver* crushed on^ to (S). 

8. One set of Alli.s-ChalnH rs liigli -speed rolls, 14 X 24 inches. The steel 
shells are set close and make 100 revolutions per minute. From (7) ; deliver 
crushed ore to (9). 

9. Elevator. P'rom {^); delivers to (6). 

10. Two 4-con)partment Harz jigs with sieves having 0.25-inch square 
holes and jig beds made of 0.5-inch chilled-iron balls. The plungers make 133 
strokes per minute. From (0) and (12); deliver concentrates, via gates, to 
(13), the second hutch products to (13), all other hutch products to (11), and 
the tailings to w^aste. 

11. One 4-conipartnient Harz jig with ftetails as in (10). From (10); 
delivers concentrates, via gates, to (13) antl the tailings to (12). 

12. Rolls. From (11); deliver crnsju^d ore to (10). 

13. Three 14-inch Jeffrey belt conveyors with 4-ply rubber belts having 
speeds of 375 feet per minute. From (10) and (11) ; deliver, via Jeffrey trippers, 
to the storehouse. 

The mill operates two 10-hour shifts per day for 6 days a week. 
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Power. 

Power is furnished by two Phcenix, 80 horse-power, return-tube boilers and I 
two Heine, 200 horse-power, water-tube boilers, for both the mine and mil 
The mill is driven by a 150 horse-power engine. 

§ 15 IG. Mill No. 184. Pyrite Dressing Plant of the Verbin Chemi- 
scHER Fabriken, Morgensternwerk near Mersdorf, Rohnau, Silesia.— 
The capacity of this plant is 150 tons per 20 hours." The crude ore, carrying 
from 7 to 10% sulphur, is delivered from the mine to (1). The econoniic minenl 
is pyrite. 

1. Two hand tumblers. From the mine; one delivers to (2) and theothff 
to (3). 

2. Grizzly with 60-millimeter spaces between the bars. From (1); delivers 
oversize to (3) and undersize to (5). 

3. Storage bin. From (1) and (2); delivers, via feeder, to (4). 

4. Breaker with a jaw opening of 0.32 X 0.5 meter. From (3); delivers 
crushed ore to (5). 

5. Two bins. From (2) and (4) ; deliver, via two percussion feeders, to (6). 

6. Two wet ball mills crushing through 16-mesh screens with 1-millimeter 
openings. From (5) ; deliver crushed ore to (7). 

7. Six Spitzlutten. From (6) ; deliver spigots of first four Spitzlutten to 
(8), of last two to (9), and overflows to (10). 

8. Four 3-compartment jigs. From (7) and (8); deliver concentrates to 
market, middlings to (8), and tailings to waste. 

9. Two Ferraris oscillating tables. From (7) ; deliver concentrates to 
market, middlings to (15), and tailings to waste. 

10. Two pulp thickeners. From (7); deliver spigots to (11) and overflows 
to (12). 

11. P'erraris oscillating table. From (10); delivers concentrates to market, 
middlings to (15), and tailings to waste. 

12. Spitzkaston. From (10) and (16); delivers spigots to (13) and over- 
flow to (11). 

13. Ferraris oscillating table. From (12); delivers concentrates to market, 
middlings to (15), and tailings to waste. 

11. Sump. From (12). 

15. Bucket olevator. From (9), (11), and (13); delivers to (16). 

10. Spitzlutten and Si)itzkasten. From (15); deliver spigots to (17), and 
overHows to (12). 

17. Two Ferraris oscillating tables. From (16); deliver concentrates to 
market and tailings to waste. 

Th(^ concentrators assay 47% sulphur and represent a recovery of So% of the 
total sulphur content of the ore. The tailings run from 1 to 1.3% sulphur. 

PoiLHr. 

A 200 horse-powcT Kortinggas engine drives two dynamos; one furnishing a 
15()-killowatt, 3-phase, 500-volt current, and the other furnishing a 14-kilowatt 
direct current for lighting 60 incandescent and 12 arc lamps. 

The big dynamo furnishes current to drive four motors of 100, 30, 15, and 5 
horse-power respectively. The 100 horsc^-power motor drives all the machinery 
in the mill with the exception of one of the ball mills (6), which is driven by the 
30 horse-power motor. The 15 horse-power motor runs a double hoist at the 
mine and the 5 horse-power motor runs the pumps. 

The plant is heated by steam. 
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W, Mills Saving Tin and Tungsten Values. 



To exemplify tht* Cornish tin practice Mill 185 is given, 
S 1517. Mill No. 1S5, Dressjnu Tin Okeb at the Old Glitters Mine, 
neae Ginnls Lake^ East Cornwall, England.*^'* — The ore eontainn tin 
in the niineral fonn as cassiterite, tungsten as wolframite, and the sulphides 
of iron, arsenic, and copper.'*** The gangue is of a (juartzose character and is 
made up of gruniteK, etc. The problem is to separate the cassiterite from the 
cither minc^nils and the gangue, and to separate and save the snl|)hides of iron 
and copfMT, This plant treats ai)out 2fiiH} tons p(*r month. The average 
mill fred runs 1.23^i, tin and the* tailings abuut t), ITf tin. 

Theore at the minr is divided into two porliuns, the larger of which is delivered 
to (1) and the smaller to (5). 

1. Two grizzlies with 2-ineh spaces between the bars. From the mine; 
deliver oversize to (2) and unrlersize to (3). 

2. Blake-Marsden rock breaker, with a jaw opening; 10 X 15 inches. From 
(1); delivers erushi*d ore to &}, 

3. Storage hopper. From (1) and (2); dtHvers, via four Challenge feederjs, 
to (4). 

4. Twenty stamps weighing SOO poun<ls each, dropping D inrhes 95 times 
per minute, having 25'mesh gun*metal wovcn-wire screens and a capacity of 
about 3 tons earh per 24 hours, From (3); deliver pulp to (12)* 

5. Storage hopper. From the mine; delivers to (6). 

6. Shaking screen. From (5); delivers oveiijize to (7) and undersize to 

7. Hock breaker with a Jaw openings X 12 inches. Frunii (G); dehvers 
crushed ore to (S) or (11). 

K. Rolls, 12 X 28 inches. From (0), (7), and (9); deliver crushed ore, via 
elevator, to (9). 

9. \ihro screen. From (8); delivers oversize to (8) and undersize to (10). 

10. No. n ball mill witlt 3(1 mesh srreen. Vram (D); delivers to (12). 

11. Five stamps. For details see (4). From (7); tirliver pulp to (12). 

12. Three Spit zlut ten, twxi w^ith 3 compartments eacli and one with 2 com- 
partments. From (4), (10), and (11); deliver spigots to (14) and overflows to 
(13). 

13. One Spitzkasten with 10 eonipartmt^nts. Fifty feet long. (» ffet wide 
on top, and 5.5 feet deep. From (12); delivers spiiryts to (15) and uverllow to 
(20). 

14. Eight Buss swinging tables. From (12) and (14); deliver concentrates 
to (21); nuMdlings, via elevatur, to (14), and tailings to (20). 

15. Four doub!e-cL>mi>artment distributing boxes. From (13): d<4iver to 
(16>. 

16. Four double Liihrig vanners. From (15); deliver concentrates to (21 )♦ 
middlings, via centrifugal pump, to (17), and tailings to (20). 

17- Small SpitzkustL*n. From (16); delivei-s spigot to (IK) and overflow to 
(20). 

IS. Distributing box. From (17); delivers to {19). 

19. One double Liihrig vanner. From (IS); dt-livers concentrates to (21) 
and tailings to (20). 

20. One Spit zkasten with H compartments, 40 feet long, 8 feet wide on top, 
and 5.5 feet dt^ep. From (13), (14), (16), (17), and (19). Lime is adderl to 
coagulate the slimes. The spigot is delivered to settling ponds and the over- 
flow, via pump, to w^ater supply tank. 

21. Calciner. From (14) and, at a different time, from (16) and (19); 
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dcUvcrs the fonner to (24) and the latter to (22). The cancent rates from (M 
contain sulphides of only iron, eopper, and arsenic; also cassitt^rite :inil mM 
framite; while the ooneent rates from (16) ami (19) also eontaiii the oxidL- c^'^fl 

22. Convex Cornish buddlen. Fnmi (21); deliver concentrntea to (23) ttH 
tailings of iron oxidv to wasto. I 

23. ReverlxTatory drier. From (22); delivere to (24), 

24. One Wetherifl cross-belt magnetic separator with 4 fields. From (21) 
and (23); delivers most magnetic product of iron oxide to waste; the «e«mi| 
or copper iron product, to the copper leaching plant; the third and fourtl]||H 
iron and wolfram products, are cleaned by buddies and kieves, or kieves iiuB 
and sold; and tlie non-magnetic, or tin product, is kieved and sent to tbelP 
smelter. 

There is also a No. 2 wet ball mill for cmshing old wet middlings and sendinr , 
them to tlie washing mai liines. At times it is us<mI dry for n*-^^ rushing the firti 
and second \V(»therill pro^luctn wlien they are rich in tin and tungsten. LhUf 
it is proposed to use it for recrushing the Buss mitldlings to be treated on ih* 
Liihrig vanners. 

The roasting aims to convert the iron in the sulphitles of iron, arsenic, acJ 
copper into the magnetic oxides and it is thus largely eliminated, as; wa^^te, m 
the first Wethrriil product. 

During July, 1003, the mill treated 2,(K)0 tons carrying 34.33 tons of cassit* 
erite and wolframite. 10,4 tons of cassiterite, running G5% tin, and 20.2 totis 
of wolframite, running ti2.r>% tungsten, were nTovered or 89.1^. The cost 
of miiling per ton is about 59 cents. 

Experiment has show^n that woven-wire screens in the batteries are better 
than punched plate and that ball mills produce less sliuR's than stamps. 

Tlie satisfactorv' extraction is claimed to be due largely to the classificution, 
and criticism is made of the lack of chissifi ration in many Cornish mills, 

X. Mills Savtno only Asbestos. 

To illustrate the Quebec practice in asbestos dressing Mill ISO is given. 

§ 151S. Mill No. ISO. General PnArTirE of Asbestos Milling n? 
Quebec, CANAr>A- — The ore is mined ahnost entirely by the open -cut and 
quarrying system as the veins are very irregular and quite liable to pinch out 
with deptlu^* The economic minerals are actinolite occurring in, and closely 
associated with, blackish green hornblende rocks; and ehrysotile which is found 
in the serpentine rocks. As the market for the former is veiy limited and the 
prices, as a rule, not satisfactoiy, only the treatment of chiysotile will be out- 
lined here. The mills are usually within 501) feet of the pit and have a w^oodeu 
substructure covered by either wood^ galvanized iron, or tarred [>aper. Few 
are painted but all are well guarded against, and protected from, fire. The 
mills are usually operated 2 sjiifts during the 24'hour tlay, and the capacities 
of the plants vary from 75 to 500 tons per 24 hours with an average of about 
150 to 250 tons. Of the total ore mined about 30 to 60% goes to the mill and 
the mills extract, in the form of salable pi'oducts, from (3 to 10% of the total 
amount of ore they treat. Of the total protlucts made both by cobbing and 
milling about 10% is represented by crude cobbed material, 15 to 20% of No8. 
I and II mill fiber, and from 70 to 75% of paper stock. 

Cobbing, 

In the open cut or pit the ore is divided into the following classes: fir^t^ 
rock containing long fiber which is sent to (I); second, rock containing medium 
fiber which is sent to (3); third, rock containing small fiber which is sent to 
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•(7); fourth, refuse and fines which are sent to (6); and fifth, coarse waste rock 
which is scjit to the waste tlump. These different products are all taken from 
the pit by means of a derrick, the caVjle-type being the most common form in use. 

1. Men's cobbing shed. **8ingk-jack" hammers weighing from 6 to 7 
pounds each are used. From the pit; delivers long liber and small stones with 
long fiber to (2), stones with short fiber to (7), refuse and fines to (6)^ and waste 
rock to waste dump. 

2. Screens with 0.1875-inch holes. From (1); deliver oversize to (3) and 
undersize to (6). 

3. Girrs cobbing shed. " Single-jack*' hammei's weighing from 1.5 to 2 
pounds each are used,. From the j>it and (2); delivers coarsest fil)er to (4), 
medium fiber to (5), and refuse ant I fines 1o (6). 

4. Screen with 0.5f>25'ineh holes. From (3) ; delivers overs! Ke, as No. 1 
crude measuring over 0,75 inch in length, via bags to market and undersize 
to (5). 

5. Screen with 0.375-inch holes. From (3) and (4); delivers oversize, as 
No. II crude measuring from 0.50 to 0.75 inch in length, via bags to market 
and undersize to {0). 

Most of the cobbing is done by contract at from 30 to 35 cents per 100 pounds. 

Drying and Crmhing. 

6. Drier.^ From the pit, (1), (2), (3), and (5); delivers dry ore to (7). 

7. Ore bin. From the pit, (1), and ((3); delivers to (S), 

8. Blake breaker. I'suallv hand feil and requires 1 man per shift. From 
(7); delivei-s to (9). 

9. Rotary drier, 3 feet En diameter and 30 feet long, having a slope of about 
7**, making to 8 revolutions per mirmte, having longitudinal b!udt\s, a capacity 
of from 50 to 75 tons per shift, and rt^[uiring about $3, 5( J per shift for fuel, on 
a basis of S2 per cord for soft wood and $3 per cortl for hard wood. One man 
per shift required on automaticady fed driers. From (8); delivers to (10). 

Concentration. 

10. Bucket elevator. From (9); delivers to (11). 

11. Sturtevant rotary breaker No. 2, 20 X 30 inches, having a capacity 
of from 8 to 12 tons per hour, a speed of 250 revolutions per minute, and 
requiring from 15 to 20 horse-power. From (10); de!iv*n's to (12). 

12. Fiberizer, 3 feet in diameter and 11 feet long. P>om (11); delivers to 

(13). 

13. Bucket elevator. From (12); delivers to (14). 

14. Screen with 0.0025-inch holes. From (13); delivers oversize to (15) 
and undersize to dump. 

15. Fan. Tht^se fans are made of galvanized iron, are 30, 35, and 40 inches 
in diameter, and make from 1,SOO to 2;i(M) revolutions per minute. From (14) j 
delivers fiber to (19) and residue to (16). 

16. Cyclone beater. These have capacities ranging from 25 to 60 tons per 
10 hours. The blades are generally made of chilled cast iron and have a life 
of from 10 to 14 days. From (15); delivers to (17). 

17. Shaking screen with 0.0625-inch holes. From (16); delivers oversize 
to (18) and undersize to dump. 

IS. Fan. For details see (15), From (17) ; delivers fiber to (19) and residue 
to dump. 

19. Collector I. From (15) and (18); delivers to (20). 

20. Revolving screen with 0.31 -inch holes and arms revolving in a direction 
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From (19); delivers oversize to (21) and uiid& 
From (20); delivers . oversize to (22) and 



opposite to that of the screen 
size to (25). 

21. Ten-mesh shaking screen, 
undersize to (27). 

22. Fan. For details see (15). From (21) ; delivers fiber to (23) and readae 
to (34). 

23. Collector II. From (22); delivers to (24) 

24. Shaking scn?en. From (23); delivers oversize, as fiber No. 1, to markrt 
and undcTsizo to (34). 

25. Twelve-mesh shaking screen. From (20) ; delivers oversize to (26) and 
undersize to (27). 

20. Fan. For details see (15). From (25) ; delivers fiber to (29) and residue 
to (27). 

27. Twelve-mesh shaking screen. From (21), (25), and (26); delivers over- 
size to (2S) and undersize to (30). 

2S. Fan. For details see (15). From (27); delivers fiber to (29) and resi- 
due to (30). 

29. Collector III. From (26) and (28); delivers fiber No. II, or paper stock, 
to mark(»t. 

30. Cyclone beater. For details see (16). From (27) and (2S); delivers 
to (31). 

31. Thirty-five-mesh screen. Yrom (30); delivers oversize to (32) and 
undersize to (34). 

32. S<?veral suction cleaners or *' suckers/' each taking the residue left by 
the preceding machine. From (31); deliver small fiber to (33) and residue to 
(34). 

33. Collector IV. From (32) ; delivers small fiber to market for the manu- 
facture of asbestos wood. 

34. Stiirt(*vant horizontal emery mill. The 42-in('h mill has a capacity 
of from 1 to 3 tons jxt hour, inak(\s from 300 to 350 revolutions per minute, and 
rc(iuires a])()ut IS hoi-sc-power. From (22), (24), (31), and (32); delivers 
asbestos finishing powdcM', for the manufacturing of plaster, to market. 

The different j)roc(\ss(\s an* usually divided and each performed in separate 
buildings such as ])uildings for cobbing, drying and crushing, concentrating, 
power, etc. When convt^yors are nniuinnl the rubber-belt type is used. 

Steam power is used in most cases, but electrical equipment is commencing 
to be installed in sevfTal instances. Steam powTr varies in cost from $35 to 
$47 per horse-powcM* y(»ar. 

About 1 to 1.5 horse-powTr is required per ton of ore crushed and milled. 

P'ollowing is a table of the help employed and wages paid in two mills: 





Numlwr. 


150 Ton Mill or 
75 Tons per Shift. 


Number. 


250-Ton Mill or 
125 Tons per Shift. 


Engineers at $2.00 


1 
1 
1 

1 


$2.00 
1.75 
4.00 
2.00 
1.75 


1 
2 

1 
1 


S200 


Firemen at 1 .75 


3:50 


Millwright at 4.00 


400 


I'oroman at 2.00 

( )ilcp» and heliiepi at 1 75 


2.00 


Hfli)crs at 1 .50 


3 
3 


450 


Hri'akiT fee<lermon at 1 .25 


3 

1 


3.75 
1.25 


3.75 


Drier firemen at 1 .25 






2 

2 

4 


3.00 
3.00 
500 


S;in<imen at 1.50 

Men for baeirinsr at 1.25 


1 
3 

13 


1.50 
3.75 






Totals 


$21.75 

$0.29 

7 tons 


19 


$30.75 
$0 25 


" produtiion of filjer ' 




12 tons 


" Ialx}r cost per ton of fiber 1 




$2.56 







1 
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V Following are the average results for 3 months obtained by a mim' which 
na? been working for years on fairly good ground; all the rock and fiber from 
tht* mines was scut to the mill. The mill and mine worked only in the day 
shift, the (juantiiy of milling matenul treated per tlay runged between SO and 
90 tuus «ir about ^'^0% of the total roek mined. The ]>rotluelion of asbestos uf 
all grarles was, on an average, 7.5 tons pvr day or about 9*5' l- of the miUing ore. 
Forty men were employed in the mine and 13 men at the milh 

(1). Per ton of total roek mined: 

$60^ + 125 > 10.53 

(2), Per ton of milling rock: 

Mining .....<r^ ,. ,,,. ........106,60+ 80= mm 

Milling.... ,,»,.»,,.,.,...*...^. ..-./..... M.lfl+feO- 0.80 

(3). Per ton of asbestos: I 

Mining .„.;fO».50+ 7.5- 9&M 

MiUing .,,,.... iMJft+7,5- 8.56 

(4). Total cost of production per ton of asbestos mined and nulh^dr $17.41. 
Based upon a finer division of the expenses this total cost of $17.41 is com- 
posed of the following items : i 

Waf» ..../... ,,.. i76.00-»- 75- $10 13 

Power....... 31.44 -t- 7.5= 4jy 

Ea^ .......#...:,. 10,51)+ 7.5- 1.40 

Machinery, repoire, Aod ftupplk* * * ».....».«.»..... 7.02 ■*■ 75 => LOt 1 

Eipluri\-e* . , .., 3.00+7.5- 0.4g 

OIU grease, WMt«, etc. ...., 1.60+7.5= 0,20 

|i;fO,Gti $17.41 I 

It is estimated that if the capacity of the mining and milling plant in ques- 
tion was increased to 3{)() tona of milling rock^ the above cost could be reduced 
to $14.50 per ton of asliestos produced* 

To the above costs must be added the expense for general management, 
offices, insurance, marketing, amort izationi etc. 

In the mines of the district tht* following scale of wages p<'r shift pri'vails: 

Foremen, $2; engineers, $1.75; machine (irillmen, 1175; helpers, '^1,50; 
blacksmiths, SI. 75; helpers, $1.50; car and derrick men, $L25; miners, $1.25; 
and boys, $0.75. 

The prevailing market prices in 1905 were: i 

Number I eiiide $175 to S200 

'' II *' 110 to 125 

Fiber ** I (special) 75 to SO 

" " II ., 50 

it u jjl 

tt ,t T|T } pai>er stock ................. 20 to 25 

Asbestos board material 8 I 

Y. Mills Saving only Mercury Values. I 

Mill 187 show^s the cinnabar ore-dressing practice in Austria. I 

§1519. Mnj. No. 1S7, Cinnabar Ore Dressjn(j at Idria, Austria.* — 
The ore is hand sorted in the mine into two classes («) anil {b). The («) grade 
contains a medium amount of me re my and rich ore, and the {b) grade is ore 
from the vein walls containing a large proportion of gangue. Wet crushing 
was carried on from 1694 to 1842 when the losses were found to be too great 
and the treatment here given was introduced and has been in vogue ever since. 
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The (a) g:rado of ore from the mine goes to (1). 

1. Grizzly with 50-millimeter openings. From the mine and (2); delivers 
oversize to (2) and undersize to (3). 

2. Breaker. From (1); delivers, via elevator, to (1). 

3. Trommel with o-millimeter holes. From (1); delivers oversize to (4) 
and undersize, periodically, to (9). 

4. Trommel with 10-millimeter holes. From (3); delivers oversize to (5) 
and undersize to (7). 

5. Trommel with 20-millimeter holes. From (4); delivers oversize to (6) 
and undersize to (7). 

6. Picking table. From (5) ; delivers rich, medium, and poor grades iDto 
three diffen^nt bins in (7). 

7. Bin withf) compartments. From (4), (5), and (6); delivers, each grade 
separately, to (S). 

8. Bri»aker set to 5 millimeters. From (7); delivers to (9). 

9. Picking tabh*. From (3) and (S) ; delivei's medium concentrates con- 
taining 20% miTcuiy and rich concentrates containing 30% mercur}' to the 
continuous furnace. 

The (b) grade of ore from the mine goes to (10). 

10. (irizzly with 70-milIimeter openings. From the mine and (11); delivers 
the oversize to (11) and the undersize to (12). 

11. Breaker. From (10); delivers, via elevator, to (10). 

12. Perforated scre(»n with 20-millimeter holes. From (10); delivers over- 
size to (14) and the undersize to (13). 

13. Perforated screen with 10-millimeter holes. From (12); delivers over- 
size to (lo) and undersize or sand, between and 10 millimeters, and running 
1% in mercur\% to the reverberatory furnace. 

14. Picking table. From (12); delivei-s ore, l)etween 20 and 70 millimeters, 
and running 0.5% in mercury, to a shaft furnace and waste to the waste dump. 

15. Picking t al)le. From (13) ; delivei-s ore, b:»t ween 10 and 20 millimeters, ami 
running \% in mercury, to the reverberatory furnace and waste to the waste 
dumj). 

The annual j)r()fit from the niine.-^ of Idria is about $154,4(X). Table 551 
shows the result of the milling operation ius carried out. 



TAHLK ool. — Results of milling at mill 187. 



Description. 



1882 



kirh ore 

jliigh-Kraiii* amci-nt rates 
, I^)W Kradc concent rattrs . 

! Total 







Amount Mined. 


Tons. 


Percent. 


2,100 
19.300 
11,200 


6.41 
59.20 
34.35 


32,tK)0 


100.00 



Mercury Extracted. 



Tons. 



194.90 
175.72 
5G.64 

427.26 



Percml. 



9.28 
0.91 
0.50 



The above n^sults wcw obtainc^d by 73 men pcM* day and the net eost of treat- 
ment varied between iM).5 cents and $7.70 ])cr ton of ore. 

1891 Ore mined ():3,210 tons 

Contained in mcM-cury S32 ** 

Yielded *' 0.S4 pereent 

Ore mined 90,4GG tons 

Yielded in mercury 0.56 per eent 

Consumpti^^'^ ^^ "liarcoal 4,205 cubic meters 

d 10,295 " 
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Z, Mills Saving only Diamonds, 

To exemplify the general methods of recovering diamonds in South Africa, 
Mill 1S8 is given. 

J 1520. Mill No. 188. Diamond Washing in South Africa J« — The 
blue ground in which the diamonds occur, after coming from the mines, is con- 
veyed by mechanical haulage ny .stems and tleposited on large Hat spaces of 
ground commonly known as '' floors/^ Here it is spread out in layers about 
15 inche?* ilcep and allowed to remain from 9 to lo months ex{>osed to the action 
of the air, sun, and rain. During this time it is harrowt'd occasionally and 
sprinkled with water. These opf^ratioiis, tos^cther with the disintt^grating 
action of the elements, break up tiie rock and reduce the whoh^ muss on the 
''floors'* to fine material with the exception of a small percentage of lumpB. 
When the blue ground is sufficiently pulverized, it is shoveled into cars and 
hauled to the washing plants. The cars used have a capacity of about 16 
cubic feet and their standard load is 1,600 pounds. 

The ground is first dumped over a grizzly or put through a revolving trommel 
in order to separate the lump from the fine material. The kmips are put through 
breakers antl then through rolls, the latter reducing them to a size of not (*ver 
0.75-inch cubes. P>om the rolls the giuund is hoisted by means of bucket 
elevators and delivered to the pans. The undersize from the grizzly or tronunel 
eomea into the pans with the crushed lumps and water is added to form a puddle. 
The pans are provided with revolving arms having blades whicli constantly 
fttir up apd dissolve the small lumps until the puddle looks much like a rather 
thick mud. The fine mud and lighter parts of the puddle pass off at the over- 
flow of the pan and go either by launder or ek-vator to the tailings pile. Every 
five or six days the puddle in the pan is drawn off, leaving the heavy material 
consisting of the larger pieces of gravel, garnets, rough diamonds, etc., as a 
deposit in the bottom of the pAn. This material is scrapc»d out and carried to a 
revolving trommel when^ it is wn^shed. The clean gravt4 containing the diamonds 
goea by bucket elevator to a sizing trommel which separates it intt* four or five 
ttiiTerent grades. This sizeil material tfien goes to jigs where the lighter portion 
is jigged off and taken directly to the tailings dump. The residues left on the 
jig sieves contam diamonds, garnets, and heavy gravid concentrates. This 
material is now^ ready for the gi"ease tables. 

A grease table consists of an incline plane, 7 feet long antl 4 feet wide, 
mounted on 4-posted legs and carrying four sets of corrugated plates arrangetl 
In step fashion one aft(*r another. The corrugations are fihed with grease and 
run at right angles to the direction in wiiich ttie gravel is feil on. The table 
receives a side shake by means of an eccentric which gives a throw of about 
0.875 inch. The table makers 210 throws per minute. 

The gravel containing the diamonds is fetl to the tables from hoppers by 
means of corrugated feed rollers driven by ratchet wheels. Water is introducetl 
at the head of the tables and washes the gravel over the grease and off the 
table^ where it is either saved fur re-treatnumt or goes directly to the waste dump. 
The diamonds and a vt^ry small part of the gravel stick to th(^ grease which is 
i*c raped off the table, and the grease ^ gravel, and diamonds are put in a per- 
forated box. This box with its contents is immersed in l>niliiig water and the 
grease, boiled out, comes to the surface and is skimmeil off to be used again. 
The material in the box is poured out upon tables and the gravel, garnets, etc., 
separated from the diamonds by hand. The diamonds are then spread out 
upon long tables w^here they are separated into many classes depending on weight, 
color, shape, etc. This is the last process before the stones are sent to London 
or Amsterdam to be cut. 
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About 95% of the diamonds are caught on the first plat^ of the shukiBl 
table, there being only a ver>^ few caught by the geeond, third, and faiiiA 

plttten. 

Fully 98% of the diamonds are caught the first time over the table, but tif 
tailings are re-run 3 oi- 4 times to recover the 2% of stone« that do not itick 
the first time. The grea.se is re-used sevenil times. 

At the Premier diamond mine a tube mill wa*s used to crush the blue groiUiA 
The mill was 22 X 5.5 feet and uscil 3 tuns of pi'l>bles. It crushed 23 Ioa<i5or 
about IS, 4 tons per hour through a slotted scr€M:*n with openings? L25 X 3 incbo 
Thc^se resuhs app**ar jtromising but no further work along this line has lian 
made public. Table 552 gives details of cost and production of the DeBecfi 
Mining Company for the year ending June 30, 19(i7, 

TABLE 552. DETAILS OF COST AND PRODUCTION OF THE OEBEEHS MINING CO*, 
FOR THE YEAR ENDING JUNE 30, 1907/* 



Mine. 


Oulpui of Blue 

Gmuiul per Year. 

Lo»4s(d). 


Yicklper 
Loftdm 
Cumts, 


Vdiiepi;r 
Can(. 


Valtw 


Cost pa- Load. 


MininK. 


Wiuiimc. 


Total 


De B«en ................. 


1104,908 
2.48i,»87 


0.37 

0.32 
0J4 


0.87 
10.45 
19.10 


SSJft 
8.10 
iM 


0.M 
0.05 
0.07 


80.74 
0.99 
OM 
0.54 
O.flO 


uss 


Kimbcrlry ........,,, »,. 


270 


Wesf«Uoo .,-.,....*. 


IJT 


Bulffocilcit) 


141 


Dutoiispun , 


liT 







(d) The "kturr <XLUpic4 t)^ oi^iic feet And weighs ftbout 1^600 
(6) Including the cos-l o( handling waste rock. 
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§ 152L This chapter suppk-ments Chapter XXI of Volume II. By reason 
of an article on costs contributed for the most part by J. R. Finlay who has 
given much careful study to this ifucation the author Is able to give the reader a 
rather more complete discussion of costs than that contained in Volume IL 
The remarks made upon pages J0rS5 to 1089 inclusive with regard to location 
of mi!ls, mill sites, plant, and construction of mill buildings require no added 
comment. 

Power. 

§ 1522, For full details with regard to the source of power used in the mills 
the reader is referred to the description of the mills in the previous chapter. 
Upon page 1090 of Vol. II the statement is made that steam is the most com- 
mon source of power in the mills. This now requires modification since the 
majonty of the mills to-day are using electricity as the source of power. In 
some cases the power is supplied to a number of mills by a centrally located 
power plant. The larger mills usually have their own power plants generating 
electricity by steam or water power and transmitting the same to the several 
points where it is to be applied. There seems to be a growing tendency tx* run 
individual machines or groups of machines by separate motors. In general it 
may be said that the electric motor furnishes an ideal source of power, particu- 
larly for vanners and tables which require constant speed. The induction 
motor seems to be a favorite among mill men, possessing as it does the good 
qualities of constant speed, ease in starting, and comparative simplicity of con- 
fstruction. 

5 1523. Power Tests at Mill 173. — The question of the amount of power 
to run a mill is very important, L. D. Ricketts '^ decidetl upon the size and 
ordered the main driving engine for concentrator Xo. 2 of the Cananea Con- 
soliflatefl Copper Company, basf*d on power measurements made at Nacouari 
in HKJl. These mcmoranthi covered measurements of power consumed by 
various machines. They were not completed and were mislaid. Later some 
fear arose that the engine, which was a Reynolds-Corliss, 16 and 32 X 36-inch 
stroke, designed to run at 100 revolutions per minute with 140 pounds of steam 
pressure at the throttle, might overload. Careful measurements of the power 
consumed by the machines in concentrator Xo. 1 wen* therefore made in order 
to decitJe whether or not the engine would be powTrful enough. 

These figures are most valuable and interesting ami are published here with 
the kind permission of David Cole, the superintendent. It should be remem- 
bered that the Cananea ores are very soft and easily crushed and one would 
have to allow more power on hard ores. This increase according to the hard- 
ness of the ore is not, how^evcr. excessively large as it only applies to crushing 
machinery and in all cases a large part of the power used is taken up in friction. 
These tests were made as far as possible using an electric motor for drivmg. 
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§ 1524. Rolls. — It was found impossible to attach the motor to the roih| 
without a great deal of preparation in the way of a counter-ehaft to reduce the 
speed, which would also lead to interruptions in the mill work. By indicating 
the engine, therefore, the following Results were obtained: 

Section A with regular load 171.7 1 

Sections A and B with regular load SS8.4 ** 

Both of these figures include the power used in the engine room itself, tint 
is, friction of the engine, driving belt, idler, and the short jack shaft betwe^the 
clutches driving each section of the mill. This engine-room friction was found 
to be 50 horse-power, and we deduce the following: 

Sections A and B with engine-room friction out 283.6 hmac - ixma . 

A alone " " " " " 121.6 " " 

B *• " " 162.0 " 

All machinery in Section B, excepting rolls, require 131.0 ** ** 

Leaving for 1 set of 36 inch rolb and 2 sets of 27-inch rolls 31.0 " ** 

Say 11 horsc-powor for the 16 X 36-inch rolls and 20 horse-power for the 
2 sets of 14 X 27-inch rolls. The speed of the rolls was as follows: 

16 by 36-inch Davis rolb 70 revolutions per miniite. 

14 by 27 •• " " 120 

§ 1525. Five-foot Bryan Mills. — Standard Risdon Iron Works 5-foot ma- 
chine, in good working order, tires and die about half worn out, gears in good 
condition. All pails well lubricated. Table 553 gives the results obtained in 
this test. 



TABLE 553. — POWER REQUIRED FOR 5-FOOT BRYAN MILL ■ AT CONCENTRATOR 

NO. 1, MILL 173. 



Mill Running Empty. 


Mill Running with Rejjular Feed. 


Mill Running with Extra Hea>7 F<ed. 


Revolutions per 
Minute. 


H<)rsc-iK)wcr. 


Revolutions per 
Minute. 


Horse-power. 


Revolutions per 
Minute. 


norse-ppver. 


35 
37 


0.50 
9.00 


30 
38 
39 


14.80 
17.28 
IS.OO* 


36 
40 


17.50 
21.36 











* 18 horsepower at 36 revolutions per minute is a good figure to use. 

§ 1526. No. 1 Elevator. — Forty-six feet from center of top to center of 
bottom puUov. Bolt LS inches wide and 10 ply with 8 X 16-inch mallcablo- 
iron buckets 24 incln^s apart. H(»ad pulley 44 inches in diameter running at 
40 revolutions per minute equals a belt speed of 400 feet per minute. 

Elevator running empty requires 2. 10 horse-power 

When carrying 700 pounds of water and 700 pounds of ore requires 6.52 " " 

§ ir)27. Trommels. — Speed 20 revolutions per minute. Four, 4x5 feet, 
and four 4 X S feet, with shafting, pinion shaft, 84 feet of 2|i-inch shafting in 
14 ring-oiling ball and socket pillow-blocks. Shaft running at 60 revolutions 
per minute. Then the horse-power for the 8 machines is: 



Pinion Shaft. 
1.28 horse-power. 



Trommels Empty. 
3.73 horse- power. 



Trommek Loaded. 
3.83 horse-power. 



§ 1528. Jigs. — The power required for operating the jigs is shown in Table 



5r)4. 
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TABLE 554. — POWER REQUIRED FOR JIGS AT MILL 173. 



Material Handled. 



1-Comjpartment Bull 

Jig. Oversize from 

1-inch Screen. 



2-Conipartment Jig. 
Oversize from 
A -inch Screen. 



SCompartment Sand 

Jig. 1st Hydraulic Size 

on 2.5 mm. Feed. 



Screens . i 

Plungers 

Stroke 

Strokes per minute 

Depth oTbed 

Screen cloth 

Hocse-power at full feed 



24 by 40 inches 
21 by 40 " 
2J " 
115 " 
8 " 
5 mesh 12 wire 
2.10 
2.05 



24 by 30 inches 
21 by 35 ;; 

170 " 
4 " 
5 mesh 14 wire 
1.00 



24 by 36 inches 
21 by 36 " 



average 4 inches 

5 mesh 14 wire 

1.10 



§ 1529. Wilfley Tables, Style 4t, wUhoxd Sand Wheels. — Eight tables, 105 
feet of l}j-inch shafting in 18 ring-oiling ball and socket pillow-blocks inclu- 
ding 1 right-angle miter-gcar driven shaft 18 feet long and 2 belted counters of 
short length with 2 bearings each. All shafting running at 160 revolutions per 
minute. 

Horse-power for Above Conditions, 

8 tables with drive belts on loose pulleys require 4.00 horse-power. 

8 '* running 238 strokes per minute require 4.82 " " 

§ 1530. Eighteen Q-foot Frue Vanners, with 180 feet of l||-inch line shaft- 
ing in 29 ring-oiling ball and socket pillow-blocks, running at 200 revolutions 
per minute approximately. Po.wer required with 18 machines running at 190 
revolutions per minute, 3.77 horse-power. 

Power required with 18 machines running at 196 revolutions per minute, 
4.12 horse-power. 

§ 1531. Centrifugal Pumps, — One No. 7 Krogh centrifugal pump, running 
at ^4 revolutions per minute, handling approximately 900 gallons per minute, 
39 feet high, used 20 horse-power. 

Another No. 7 Krogh centrifugal pump, running at 575 revolutions per 
minute, handling 174 gallons per minute, 36 feet high, used 12.35 horse-power. 

The above figures in the results with the centrifugal pumps are, of course, 
unsatisfactory and not to be greatly depended upon. 

§ 1532. The calculated power required in concentrator No. 1 on the basis 
of the above is shown in Table 555 (see page 1930). Table 556 gives the power 
as calculated for concentrator No. 2. 



TABLE 556. — COMPUTED POWER REQUIRED FOR CONCENTRATOR NO. 2, BULL 173. 



20 Trommels, 4 by 6 feet and 4 by 8 feet 

4 16 inch elevators which are 46 feet between pulley centers 

4 Sets 16 by 36 inch rolls at 80 revolutions per minute .... 

6 One-compartment bull jigs (4 active) 

16 Two-corn portmcnt middle jiifs 

16 Three " sand jigs ^ 

2 Unwatering trommels ' 

2 Chip trommels 

10 Shovel wheels with shafting 

2 Centrifugal pumps, 1200 gallons per minute. 40-foot lift . 

8 Moot Bryan mills 

38 Wilfley tables with line shafting 

36 6-foot Frue vanners with line shafting 

2 Centrifugal pumps 

6 Shaking launders 

2 Middling elevators 

2 Pulp elevators 

Friction of engine and remaining shafting 

Total on mill engine 



Horse- power. 



10 

20 

44 

8 

16 

10 

1 

1 

3 

60 

144 

25 

8 

2ft 

3 

ft 

3 

80 



472 
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TABLE'555. — CALCULATED POWER REQUIRED FOR CONCENTRATOR NO. l,inLLl73. 



24 TrommcU 

2 Numlwr 1 elevators 

2 " 2 " 

2 " 3 " 

2 " 4 " 

8 Bull jiRS (4 actiw) 

Itt I'wo-compartmcnt Kks 

8 Three " " 

2 Bryan mills 

2 Numlier 1 rentrifufcal pumps 

2 Shaking launders and 2 shovel whceb . . 

2 16 by 36 inch I)a\is rolb 

4 14 by 27 

Shafting ami lielts not previously included 
Engine and jack shaft friction 



Total engine load 



42 Wllfley tables 

36 6-foot Frue vanners 

2 10 by 4Hinch sand pumps . . . 

1 Numlier 2 centrifugal pump 
Friction of transmission , 



Total load on motor -dri\-cn machinery 
Total engine load 



Total power required in mill 




§ 1533. Power Required at Mill 162. — At Mill 162 • careful tests have 
been made to ascertain the power required by concentrating machines, with 
the results shown in Table 557. 



TABLE 557. — POWER REQUIRED FOR CONCENTR.\TING MACHINERY AT MILL 162. 



Machine. 



Revolutions per 
Minute. 



HancfKk jifj 62 

Kvans jin | 190 

Tn tmmcl 3x<) ftt-t j 

i )vi.Tstrom tabic 251 

Wilflcv tabic I 251 

Vaiincr 4 f<K»t I 182 



Horse -power 
Required. 



3.41 

0.50 

0.30 

0.3l>4 

0.352 

0.230 




I«. S51. — LrnRTCATING 
DEVICE FOR JOURNALS. 



In connection with the power question attention 
is called to pages 1093 to 1096 inclusive of Vol. II., 
where the questions of belting, rope transmission, 
etc., arc taken up. 

§ 1534. Lubrication and Care of Journals. 
— The question of lubrication has bi^en ven' 
thoroughly discussed in Vol. II., pages 1097 to 109S 
inclusive. The author wishes to call attention to a 
very sirnpU* and (efficient device for the lubrication 
of journals that has recently come to his attention. 
(See Fig. S51.) The tin funnel (1) is provided with 
a cover (2). The funnel is fitted into a wootlcn 
plug (3) which in turn fits into the oil hole in the 
journal. The copper wire (4) passes down through 
the funnel as shown in the cut. Keystone grease 
of about the consist (*ncy of vaseline is used in these 
cups. The niom(»nt the journal begins to heat the 
heat is conducted by the copper wire (4) up int^ 
the grease which is in the funnel, melting the grease 
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BO that it runs down into the bearings. In some cases where the cups are liable 
^ to fall oif.the oil-hole in the journal may be tapped out and the funnel soldered 
^ to a nipple screwing therein. Journals thus equipped will run for several weeks 
^ without requiring attention. 

§ 1535. Lighting;* — For artifieial light the incandescont elertrie light is 
almost universal. The Nernst lamp is finding its way into the mills to a limited 
extent (see Mill 171), as is also tin* Cooper-Hewitt lamp or im^reury are\ Both 
of the latter are very satisfactory where it is uer^^ssary to jud.i^e by I he eye of 
the work tlune by mai-hines, l<\, in jigging mills. At Mill 152** a special form 
of arc lamp^ the light uf which is e-pccially iich in the so-called ultra-violet 
rays, is used to (^nai)le the mill man to judgt* of the amount of willcmitc in the 
jig tailings. Willemite is rendered plmsphorescent under the influence of the 
ultra-violet rays. 

§ 1536. Labor ik the Mills. — Figures regarding labor in the mills will 
be found in the preceding chapter, under the desrription of the various mills. 

f 1537. Watek Con.sl MFrioN. — Among the Lake Superior mills ^ the 
quantity of water used per ton of rock is largi\ This is required to assist in 
the discharge from the stamjis and to convey the crushed material through the 
large number of elassifiei-s and jigs. .\t Mill LS2 two pamps furnisli 2s,OUU,tJO0 
gallons of water per 2-t hours, or 3,5(K^(KJ<J gallons per stamp per 21 hours. 
Thus for each ton of rock crushed 30 tons or 7,2(K> gallons of water is requiiTd. 
The consumption of water in Mill 177 was furmeily about 2,500,000 gallons of 
water per stamp per 24 hours, or 33 ions of water per ton of ore stamped. It 
has since been reduced to 1,125,000 gallons '^ per stamp per 24 hours, or 15 
tons of water per ton of ore crushed. This has been accomplished by use of the 
mortar jig, by aiti of the jig classifier, antl by a marked decrease in number and 
increase in the etficic ncy of the jigs in use at the inillH. 

In the Montana copper-sulphide mills * the water consumption is also large. 
In two of the large mills using the same general methods of c(mi*'utration one 
saves water for return to the mill circulation at only one point luid uses 7,ti80 
gallons or 32 tons of water per ton of ore cruslxe(b while the other saves water 
at three places and uses 5,2 1( J gallons or 2(> tons per ton of ore crushed. 

In parts of Arizona and Northern Mexico, wdiere water is scarce, every 
precaution has to be taken to prevent waste. The water for Mill 173 is pumped 
9 miles against a head of 9^H) feet. The water consimii>iion is approximately 
335 gallons or L4 tuns fH-r ton of ort^ crushed. The water from tfu' coarse jigs 
is collected and used on the njiddlings, is again collected and used on Ua- saiais, 
and then goes back to the coarse jigs. From tlie Williey tables 87.5% of the 
water is recovered J 

The water for Mill 172 is pumpeil from the San Francisco River, 7 miles 
away, against a hea<l of 1,5(K» feet, and stored above t!ie mill in stt^rage taidvs 
of 5(Kj,000 gallons capacity. The water costs somewhat hvss than 20 cents per 
1.000 gallons. Mill 172" is concentrating 1 ton of ore with every 300 gallons 
or 1.25 Ions of water added to the mill circulation. The Longfellow concen- 
trator consumes about 150 gallons of water p<T minute, or, roughly, t)00 gal- 
lons or 2.50 tons per ton of ore crushed. The Shjinnon concentrator uses 
approximately 550 gallons or 2,31 tons of water per ton of ore crushed. The 
tailings from the mills are allowed to settle in ehi borate systems of tanks and 
the clarifietl water is pumped back again into the mill. 

At Mill 108^ by using conical tanks (see S 1151), the water consumption is 
under 10 gallons of solution per ton of ore treated. 

Table 55S has been prepared to show the water consum|jtion in the mills. 
Further details will bi' found in the preceding chapter under the discussion of 
the various mills. Where water is plenty the tendency is to use it lavishly. 
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often with injury to the mill work. On the other hand, in dry regions it hai| 
been found possible to get along with a very little water. The attempt to! 
get along with the least possible amount of water has brought about many of 
the more recent improvements and refinements of ore-dressing processes. 



TABLE 558. — WATEIl CONSUMPTION IN THE MILLS. 



125 
12U 
127 

12S 

132 

139 
144 



2,1(X).000 

4.000,000 

5,760.000 

( SM.OOO* 

( 09.000 

< 504.000* 

\ 57.fiOO 

J 2.001.600* 

I 338,400 

1.885.000 



400 
1.200 
1.800 

575 

500 

600 
325 



5.400 

3.333 

3.200 

i 1.500* 

I 120 

1 1,008* 

I 144 

(3.33tt* 

I 567 

5.800 



22.5 

13.9 

13.3 

( 6.26 

I 0.5 

f 4.2 

I 0.6 

(13.9 

( 2.36 

24.2 



Mill Number. 


Water Used per 
24 Hours. 


Capacity Mill 
per 24 Hours. 


Water Used per Ton of Ore. 


Remaiis. 




Gallons. 


Tons. 


Gallons. 


Tons. 




Gold Suxmp Milk. 


98 


360.000 


150 , 


2.400 


10 


60 stamps. 


Jijlging Mills. 



AuslraliaB pndke 







Iron-Ore Washery. 






154 


300.000a 
1. 144.800 


1.000a 
• 480 


300 
2.385 


1.25 
10 




155 









UV2 



Montana Coppcr-Sulphidc Mills. 



44,3,')2.0()0 
25.000,000 



) SOO.OOO* 
I HiO.OOO 



Nevada Copper-.Sulphide. 



• In mill circulation, a 10 hours. 



»4* 
J0.S3 



8, SOO 


5.040 
8.300 


21 
34 .6 




3 000 















Utah Copper Sulphide. 






' s 1,440.000* 

1 ' 720.000 

S,(i40.000 


1.000 
6.000 


J 1,440* 

I 720 

1.440 


( 6.00 


Km 


<3.00 


107 


6 




1 







Arizona 


Copper. 






172 


275.000 
750.000 


1,100 
500 


250 
1.500 


1.04 
6.26 




174 









§ 153X. Pekcentagk of Extraction. — Table 559 (se? page 1934) shows 
the avonigc extriictioii o})taino(l in ('(Mtain of the mills described in this volume. 
For fiirlhf r discussion of th(^ factors governing extractions the reader is refem»d 
to Vol. II., page 1117 and following. 

Schedules for Cxlculating the Value of Zinc Ores. 

§ 1539. Facts on which the Value of Zinc Ores Depends. — The value 
of a zinc ore dcpc^ids upon many consid(Tations; " chiefly, however, upon iti* 
tenor in zinc and objectionable impurities such as iron, manganese, and lime 
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which cause corrosion of the retorts^ lead and antiuiony which contaminate 
the spelter, fluorspar ^'^ which attacks the acid ciianibers when the ore is roasted 
for the puipose of making sulphuric acid, and arsenic which afltM-ts tlie quality 
of the acid and contaminates the spelter. The value of the ore is also afrected 
by its character, whLihcr oxide or sulpliide, and by its physical character, liunp 
ore noccssitatiug the expense of furtlit^r enislu^ng, and slimes Ix'ing more expen- 
sive to treat than coarser con cent rates. 

§ 1540. Treatment Chahue. — In determining the treatment charge on 
the ore purchased," the smelter starts with the cost of smelting a Un\ of ore of 
average composition such as he intends frt-diiig to his furnaces, to this he adds 
interest on his investment, a proper allowance for amortization of hii* phint, 
freight upon the ore to his works and on the spelter product to its nuirket with 
allowances for the cost of buying the oie and selHng the spelter. This gives 
the ** returning charge" which the smelter nmst make in buying ore f. o. b. 
at the mine or mill where produced. The ''returniiig charge" does not include 
ocean freights from Boston to Antwerp, whicli in \{KH were $4.70. The ''re- 
turning charge" on Colorado ores, sliippi'd by the way of (lalveston, includes 
all rail and ocean freiglit rates. 

§ lo4]. FoHKiGN ScHEnrLEs. — European smelters" buy ore in accord- 
ance with a sliding scale, which condjines three elements, vh: the price of 
Spelter and the zinc cont^mt of the ore, which are variables, and the *' returning 
charge'' per ton of ore, which is fixed. American smeUers compute the value 
in prar*tically the same way, but in buying a lot usually nuike a direct bid of 
so much per ton, or, wheu purrliasing by contract, fretjut^ntly employ a sliding 
scale which, while ef|ually fair, is less simple tlian the European methorL 

The sniclters of Bi'lgiuui, Holhinil, France, and the west of Germany em- 

ploy the formula V = 0,95 P - H in which P is the price of spelter 

(good ordinary brands) at I^cmdon, T the units of zinc in the ore, and R the 
** returning charge" per ton of 1,000 kilograms. This formula gives the price 
of ore per ton of 1;000 kilograms. 

The forniuhi works on I as follows in tlie case of an ore assaying 48*'/^. zinc, 
the Ix>ndon price of .spc^her being assumed la £2U per ton of 2,210 pounds, and 
|he returning charge £2 - 12s. - (kl pei" ton of ore. 

OMP = 0.95 X £20 = £l«JJJ 

^-^ = 0.48 - 0.08 = 0.40 

R = £2 - Via. " 6d. = £2.625 
£19.0 X 0,40 - £2.625 = £4.975 = 824.18 

The same problem could be w^orketl out equally well in dollars and cents. 

The '* returning charges" which have been madr l>y European smelters 
on American, Australian, and t'anndian ores during the last few years have 
ranged from $11.40 to $13.10 \>vr 2,000 pounds. 

5 1512. Westeum y.isv OuE PuieKs. - - Tlie Western smelters of the United 
States, in their ore contracts, employ sliding scales of the fullowing <'haracter: 

(1). Basis of Sellhwent, — Ore drlivered at smelting points in Kansas* 
Wlien s|>elter is at cents per pound " at St. Louis, pay S25 per ton of 2,000 
pounils for ore containing 47^ J^ zinc, plus 75 cents per unit for zinc in excess 
of 47 units, less 75 cents per unit for zinc below 47 units; with 35% of the varia- 
tion in the price of spelter. 

(2). Basis of Stitlemrni. — Ore flelivf-n^l f. o. b. cars at minca. When 
spelter is at 6 cents per pountl ^* at St . Louis, pay $24.50 per ton of 2^000 pounds 
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for ore containing 53% zinc, plus $1 per unit for zinc in excess of 53 unit^, less 
$1 per unit for zinc below 53 units; with 42.5% of the variation in spelter. 

If wc take the lattiT example, the meaning is that when spelter is worth 
6 cents per pound at St. Louis, ore assaying 53% zinc is worth $24.50 f. o. b. 
mine. Orci assaying 54% zinc is worth $25.50; ore assaying 52% zinc is worth 
$23.50. A variation in the price of spelter changes the basis price to the extent 
of 42^% of the variation pvr ton of spelter; that is, if the price for spelter be 
4.5 cents per pound at St. Ix)uis, a reduction of 1.5 cents per pound (or 830 
per ton) from 6 cents, or $30 X 0.425 = $12.75, is taken from the basis price 
of the ore, wherefore the value of ore containing 53% zinc becomes $12.75. 
Ore with 54% zinc is then worth 13.75, etc. 

The following scheilules for calculating the value of zinc ores in the San 
Juan, Leailville, Mont(»zuma, and Breckenridge districts of Colorado are in 
actual use by the operators to-day.^ 

No. 1. — Value of ore per ton e^iuals [0.95 P (T - S) -r- 100] - R, in which 
P is the value of spelter per ton; T is the percent of zinc in the ore; R is the 
returning charge per ton, here used as $15.98 for all grades of ore carrying 
from 35 to 45% zinc. 

No. 2. — Value of ore per ton is $20.50 for 40% zinc, basis of $6 spelter, 
$1 per unit of zinc up or down, variations as follows as price of spelter per ton 
varies : 
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No. 3. — Value per ton of ore, $15.50 for 35% zinc, basis $6 spelter vnth 
variation of eents per ton up or down for eacih variation of 1%, in market 
quotation per 100 pounds spelter, and SI per unit up or down for each variation 
of 1% in zinc contents. 

No. 4. — Value of ovo por ton equals (13 X T X P) — R, in which T is 
the units zinc in ore; P is the St. liouis quotation spelter per pound; R is iho 
returninii; charge })er ton, here used as S15 for all grades. 

No. 5. — Value per ton, $7.00, basis $0 spelter for 30% zinc with variations 
of 00 cents per unit zinc up or down, also variations as follows as price of spelter 
per ton varies: 
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No. 0. — Valuc^ per ton, the same iis No. 5, except that the ore is paid for 
with variations of 70 cents })er unit zinc up or down from a base of 30*.(,» in- 
stCt^d of 00 ccMits. 

Schedules Xos. 1, 2, and 3 are prices paid for western ores of a smelting 
gra(l(^ and are all made f. o. h. the snu^ltiiig point (Kansas common points). 
It is un(l(M'stood that th(\se prices may be cut should an ore be objectionable, 
due to either th(^ [)resence of lime, fluorspar, a high percentage of iron, silica, 
or lead, or shouM ' ' ""ical condition be such as to cause an abnormal loss 
in smelting;. Ot hand a smelting company may pay slightly more 

for a very desir- 
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^■Schedules Nos. 4^ 5, aiKl G are pru'cs paid for low-graik* WrMterii ores for 
milling purpoi**\s and are made L o, b. the nji!ling coiopany's plant. Tlie mill- 
ing company prodiiees luiv cone* titrates which usually meet with a n^ady 
sale at prices appruxiriuitcly as shown io schedules Nus. 1, 2, and 3; neverthe- 
less the losses in milling are heavy and the silica-iron-tailings product, carrying 
from 7 to 14% zinc, fintls little sale and usually goes to the dump tus wa.stc 
materiah For these reasons schedules Xo8. 4, 5, and are comparatively 
lower than schetiulea Nos. 1, 2, and 3. 

5 lo43. JoPLiN Zinc OitK Pricks, — Zinc ore prices in the Joplin, Missouri 
district,'* are controlh'd, to a certain extent, by the spelter prices, but are 
further affected liy competititin between the ore buyei^ representing the differ- 
ciit smeltei*s. The basis price is that offered by the buyers for sphalerite con* 
cent rates assaying ij0% in zinc, 1% or less in iron, and not exceeding 0.25 to 0.5^''o 
J in lead. 

The value of the ore is then determined by assay* To the basics price $1 
per Ion is added for each unit in (^xress of iW ', and $1 per Ion is deducted for 
each unit below GOV J,. Tlu^re is also deducted -^1 per unit of iron in excess of 
1%. Special penalties tuv imposed on oret> carrying an excess of lead and these 
are usually applied by offering a lower bajsis price. 

Specisd premiums, usually from ^1 to $2 per ton^ are paid for ores assaying 
from 62 to t>;i* {, zinc wlu ii wholly free from ieacL Such ores are, however, 
usually bought on a flat price. 

§ 1544. Precious Metal Yah e*s, — The addition which is given to the 
value of a zinc ore, by a silver content, is often of interest." In treating a zinc 
ore by the ordinar\' smelting proct^ss a lead and silv<'r or ^old content can be 
► mcovered, but whether this will be done or not is largely a matter of costs. In 
■fafiting a zinc ore previous to smelting there is only a snuill loss in zinc, 1 or 2% 
TO the most, but the lead and silver losses are high^ lO^J, or over. In retorting 
there is a further loss in lead but no great loss of silver or gold. The retort 
residue may be treated to recover lead, silver, ami gold provitled these are 
present in sufficient quantity to make their recovery worth while. There arc 
three alternatives. 

(1). The entire product can go to the lead smelter. 

(2). Residue may be trcatefl as crude ore; crushed, and concentrated by 
^jjjg B, etc., and the concentratf^s go to the smelter. 

|V (3). Residue may be crushed and jigged for the removal of the unburned 
Tml, the remainder being passed on to the lead smelter, while the coal is utilized 
in various ways. 

At any event it is clear that in the treatment of a zinc ore for the recovery 
of silver either the losses will be high or tlie cost high, and tht* smelter cannot 
afford to pay for silver and lead more tlum a snmll portitui of their assay value, 
European smelters will only pay for 5CK {, of the silver and then only when the 
silver is in excess of 5 ounces per ton, and nothing for lead except in excess of 



Costs and Extractions. 

\§ 1545. Cosr OF Ehecting Mills. — For a general discussion of the factors 
kerning construction costs the reader is referred to Vol, 11. , page 1124. Fol- 

[ lowing are a ft*w^ figures which the author has been able to collect on the subject: 
Table 560 gives the cost of erecting a complete b^)t)n-ton sulphide-copper 

i! concentrator in Montana.^ The figures do not include the cost of erecting 
and equipping the power plant. The mill is in three sections, each treating 

l^yo tons per day. The indicated horse-power required is given as t>12.3. 



TABLE 500. 



OHE DRESSING, 

OF ERECTING A COMPLETE 1500-TON SULPHIDE-IOPPM ] 
CONCENTRATOR. 



Eieavallon ,,,, -. : ■...■■ I 2ii.SW>0l 

Sinnr m^MXiry - *, ^« •*»*..*. . ,.»*.*.-,,.. I' ""^Vii 

HuildInK . . , , , ..»,.. - , <> 

153 B\-afis jifics ....,, <.,.,...,,,., ,..,,,... , , Xi 

\H Double deck E%'an* round UHm _...., 0^44^7.% 

KuciavAtifjin far ^lurage Hm ...... ,.,«»•• 32.AS 

Masonry ...... 7.3»4 21 

Tiraltcr work for stongt Utui , . . ^7 MfnO Ifi 

r rtrsdr^. ,ind apprcMchcs (or stnraftir bins 1 1 1 ^ ; : 14 

Muthincry, cxccpl jig* iiikI tiiMr* i i - . 7 vi 

Pipin|( , 1 1 . , 1 1 ■ n-i 

Shafting, pulley. bc»rini(??, rtt ;i'. h,;; 19 

Wiring *nd eleciric liahts „..*...*..., , j ! 1 1 M»j 

Six j! compftrtmcnt Harj& jiiiH w4*«Jl 

Six l<ooipartnM!al " " &50.75 



TuUl flU,71i».5« 



Mill 00 eust, iiicluding an excavation charge of $18,000, :$74,<>tMX The mill 
treats 135 Um^ per 24 liours, crushing by stamps, amalganiating, concentrating, 



and ryaniiling both roiHH'iit rates ami tailiiigrt. 
Mill 1:3:3 co«t S5O,(J0O HI ItKJO. This mill ] 



has a capaeity of 150 tonB in 24 
hoiii*i^. 

Mill 173 cost about $250jX»0. Thi.s mill treats sulphide-eopper ores and 
hai:; a capacity of 2,tMiO tons in 21 liours. The mill iis of the hill-side typ, 
ti^rraced throughout. The concrete foundations rest on a rock biise. The 
frame ia of steel, and sides f»f iron. The floors are of wood and the machines? n'^t 
ypoii separate foundations from thoiiie supporting the mill itself. 

The cost of a oO-tuii Kinc-lead concentrator in Colorado may be given as 
about $H>,OC)0. A TJo-ton sphalerite-pyrite roasting and magnetic separation 
plant in Ccjlorado cost^ exclusive of the crushing and screening plant, approxi- 
mately S35,(MH), 

The average cost of a complete decantation slime plant for a HXJ-stamp 
mill in 8<^nith Africa wa^s $125,000, Tlie average cost of a plant of the same 
capacity but using conical tanks ami filler presses is only S75,0(X>. 

§ 151(3, \V(*HKiNt; Costs. — Reliable figures with regard to costs and <'3t* 
tractions in the various miiuiig districts of the worhi are hard to obtain. WTiere 
such figures are available they are of the utmost value to the mill man. It 
is not enough for the null man to know what his costs are or the average coeitfl 
of his particular tiistri<'t. He must have a general irlca of the factors govern- 
ing costs and be able to compare his costs or the costs of his district with costs 
in otfier districts. 8nch a crunpaiison may, moreover, be of the greatest value 
as it may lead to impn>vement in existing niethods. It is impossible to dijs- 
cuss milling costs without at the same time considering mining and smelting 
costs and extrac ti{>ns, so intimately are the three linked together. The fol- 
lowing pag*^s Ijike up, therefore, the general principles governing cost^, and 
then the costs involved in the production of a number of the leading metaU 
in the most important mining centers of the world. 

GENERAL PRINCIPLES GOVERNING * COSTS. 

g 1517. The Cost of Mining. — By ^'the cost of niining*' is meant '*the] 
complete i*ost of developing, equipping, and working out a mine, allowing inter- 
est on the ciifdlal required f^ir these purposes until it is returned In dividends/*] 
The cost of mining at different places is subject to great variations both ext4:r» 
nal and internal, by the former more and by the latter less. The external] 
factors governing these variations follow^ no quality in the deposit itself influ- 
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Cficiiig any of these conrlitioiLs: (1) The cost and tiuality of labor and supplies. 

<2j The climate, altitude, or distance from populous centers. (3) The hard- 
^bes.s of surrounding rocks, the amount of water, and the depth from th«^ surface. 
^^4) The facilities and cost of transportation to milling or smelting centers or 

markets. 

K External Factors, 

H^ § 1M8. Cost of Labor and Supplies. —The wages in the mines of the 
Hpnited States vary between 20 and 50 cents an hour. Usually the difference 
^■1 partly made up by the varying efficiency of the men. It is hard to fix any 
^Pl^iire for the compensation thus efTected. If we assume that the difference 
5n W'ages is represented by 20 and 50, and the tlifference in cost efficiency by 
TO and 100, we find that the variation in labor cost is only about 30% from 
-the maximum. Since labor accounts generally are about £}i\% of the total 
current cost of mining, differences in wages are not likely to account for a varia- 
tion of more than 18%, 

In the important Ent^dish-speaking countries, in the Transvaal, India, and 
Mexico, it may be said that conditions as regjirds labor are almost identical with 
those of the llnited States. This is also, in all probabiiity, approximately true 
in all important pmduetng centers of the world at large. Extreme variations 
^kust be confijie<l hirgely to isohited und abnormal localities. 
■ The cost of supplies directly ufTects the cost of numing. The important 
^■upplies are fuel, timber, explosives, steel, and tools. The price of theye com- 
^fcioditit^s in the United States ct^ilainly does not vary much more than 50% 
Brom the maximum among the important mining centers. Since the collective 
^Bost nf the various supplies is rarely more than 20% of the total mining cost, a 
Hrariation of 50^!v"j in the pi'ice will |jroduce a difference of only UV^ in that cost. 
H The cost of supphes in the world at large is apparently subject to about 
^Khe same ilt^gree of differenct^ as the cost of labor^ but in any country, such as 
^■ndia and South Africa, where the cost of labor is nominally low\ the cost of 
^pupplies is usually distitu'tly higher than in the United States. 
H I 1540. CiJMATE, AumvDK, ano PopuLA'noN, ^ The influence of climate, 
^^hnugh indirect, is powerful through its effect on human life and efforts Some- 
times in places where there is an-excessive rainfall or excessive heat or unhealth- 
^^ul conditions, the effect may be to limit the scope of operations. 
B Excessive altitude, and great distance from lines of transportation, place 
Hiimihir limitations upon enterprise. Where several factors of this kliul are 
^g)resent at tht* same locality, the aggregate effect is to place almost insur- 
mountable difficulties in the way of successful operations, Imt as a general 
rule, in places where important mines have been discovered^ most of these 
Bdiffieulties have been overcimie, 

H § 1550. UNnKRGiioi'ND CcjNDiTiONS. — The hardness of the rock is like- 
Hprisc a comparatively unimportant factor. In any case the hardne.ss affects 
Hordy one division of the underground work, namely, breaking the grtmnd. The 
Hstability of the ground is nmch more important than the hardness. Timbering 
His often an important item. 

y Increase in depth adds a certain increment to the cost of hoisting and pump- 
ing, but this increiuse of cost is far from being proportional to the depth. One 
consequence of extreme depth that might easily be overlooked is the daily cost 
of transporting the men to and from their working places. >Jot only may this 
represent a consifierable expense in itself for mere hoistings but far the greater 
part of the time of the workmen for this period is lost to the company. 

The temperature of underground workings often becomes a matter of consid- 
erable importance. A high temperature may be caused by the climate, or by 
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great depth, or by the presence of hot waters or heat-prodoein^ chemicak. It » 
only in the Inst case that the heat can be calletl an inherent quality of the ore ImmIj 
itself. Tt'iiiperatures of SO or 9(F Fahrenheit, which ai*e about the limit n*arhii| 
m important mines, affect the energies of the men advei-sely^ although mtn 
grow accustomed to them and suffer no ill consequences in the way of h^ultii. 

§1551. Transportation and Marketing the Products. — Tran?jport«- 
tion facilities may be described as adcn^uate when they are sufficient to h&tulh 
the out [Hit of a mine and to deUver with promptness the neee^ssary suppliff, 
but this does not necessarily mean cheapness. Transportation is in V(*r\ in:uiy 
eases one of the most vital elements in the r-ust of mining* This Ls particubrly 
the case when t4ie products have to be sliipped considerable distances. In 
the case of coal and iron it is a matter of common knowU*dge that truiisp<»rfie 
tion is oftf*n the ali-important factor, and (»ven in the case vf precious inctak. 
sometimes the cost of transportation to mills and smelters equals, if it don 
not exceed, the coHt of actual mining. 

Another factor that is often of considerable importance is the commerrial 
matter of marketing the products. This is somelimes done by eon tract with 
selhng agents; and sometim*\s by the company itself. In either ease them i^ 
to be taken into considenuion, in ad<litirm tn the cost of marketing, the sucr<^ 
achieved in disposing of satisfactory quantities of the product. It is m this* 
respect particularly that tln^ cost of mining may be greatly intluenceti through 
the effect protluced by this factor in dt'termining the volume of operatioas. 

One woutd searcrly t^xpert that all these various factors would move in 
unison, i.e., that they should alt be equally bad in one place and equally gtwd 
in another. So far as the natural conditions such as rock hardness, depth* aud 
amount of water to be punq)ed are concerned, it is extremely unusual that such 
factors are at a given place at either extreme; but the remaining ext-cmal 
factors have their effect through the efforts of nuui himself. If the mine i^ 
situated far from pojiulous centtTs the reason is i\pi to be that the chmate or 
altitude is unfavorubli\ This generally means that labor is dear and inefficient, 
supplies costly, transportation difficult and expensive. These factors are likely, 
therefore, to be affected together, ami if one is favorable they arc^ all likely ta 
be favorable and vice rersa. 

The sum total of cost variations that may be due to the coincidenci* of iheee 
external factors is therefore considerable and is sufficient to prevent the work- 
ing of abundant yet valuable products such as coal, iron ore, or salt at placets 
where these conditions are all bad. It may l>e suJd that the above factors 
are those which, as a rule, govern the variations in the cost of low-priced and 
bulky mineral products. 

Internal Fndors, 

§ 1552. The internal factors are: (1) The she and attitude of the ore 
bodies; (2) the relation the valuable material beai's to the enclosing ganguc 
or material; (3) the problems involved in metallurgical treatment. 

J 15o3. Sv£K AND Attitude of Ore Bodies. — These factors introdurt^ 
immense differences of cost. For instance, in gold mining we find that the 
Alaska-Treadwell has mined, treated, and marketed its ore for SL58 per ton, 
while a certain mine in Coloratlo producing gold ore subjected to the sanic 
process costs $12.25 per ton. The wages are the same, the rock is of the same 
hardness, the water is no problem in either case, the method of mining even is 
practically the same. The difference comes, not in the fact that the general 
management of the Tread well is probably more economical than that of the 
Colorado mine, but in the factors mentioned above, and those factors are so 
important that they are wortii a more extended discussion. 
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If we have a body of homogeneous material more than 4 feet thick and 
continuous, the mine openings can be made very largely, if not wholly, in the 
stuff to be extracted. Practically every blow struck produces ore. But re- 
duce the thickness to be mined to 1 foot and we are at once confronted with 
the necessity of taking out 3 feet of worthless material for 1 foot that is valuable, 
besides having to keep them separate. Here we introduce at once an enor- 
mous proportion of wasted expense that must be borne by the valuable ore. 
Now break the continuity of the deposit and it is evident that openings have 
to be made entirely through waste material merely to find and open up the 
scattered bodies. This evidently increases the cost still more. Now, since 
it costs about as much to handle one kind of rock as another, it is very evident 
that the cost of handling narrow and non-continuous ore bodies may be many 
times greater than the cost of mining ore bodies large enough to afford room 
to work in. A sort of dead line is established by a thickness of approximately 
4 feet. Ore bodies thicker than 4 feet are only moderately cheaper to handle 
than those of about that thickness. 

The attitude of an ore body has a great deal to do with the cost of extracting 
it. In many coal fields the beds are thrown into a succession of folds with 
constantly var^'ing slopes. The effect of this is double. First it renders more 
difficult the taking of the material from the working places to the haulage 
roads, and second it renders necessary a large amount of dead work in order 
to reach the various parts of the beds and also prevents regular systematic 
working. These two factors are sufficient to introduce a great increase of cost 
over that of mining a flat and unbroken seam. 

Faulting of the beds or veins and the occurrence of barren patches intro- 
duce complications similar to those caused by folding, but very much more 
variable in their nature. 

§ 1554. Homogeneity of Ore. — The homogeneity of the ore is a factor 
of great importance. This quality determines whether it is necessary to sub- 
ject to metallurgical treatment the whole or only a part of an ore body. If 
only a part need be so treated we have a concentrating ore. The manner in 
which the valuable mineral lies in the enclosing rock determines how the con- 
centrating must be done. In any case the process of concentration involves 
loss and expense, and the question of how far this loss and expense is justified 
depends on the cost and character of the subsequent metallurgical treatment. 

§ 1555. Problems Involved in Metallurgical Treatment. — The cost 
of the metallurgical treatment depends primarily on the proportion of ore 
that must be treated. 

§ 1556. Low Costs in Mining may Mean Greater Expense Elsewhere, — The 
above seems a sufficient explanation of the fact that it is necessary to a discus- 
sion of mining to include a consideration of the processes by which the ore is 
to be treated. It is not possible to run a mine intelligently without achieving 
whatever economy there may be in dressing the ore so that the further handling 
will be facilitated. Efforts to make "records'' of low costs per ton have in 
many cases actually resulted in good mines being run at a loss. 

Let us take as a practical example a body of 10,000 tons of ore, running 
one ounce in gold per ton. This ore can be shipped from Cripple Creek, Colo- 
rado, without sorting, at a handsome profit as follows: 

Gross value of ore .10,000 tons at $20.00 per ton $200,000.00 

Cost of mining, 10,000 tons at $3.00 per ton 30.000.00 

Freight and treatment, 10.000 tons at $8.25 per ton 82,500.00 

Total cost $112,500.00 

Profit $87.5004)0 
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But suppose we reject half of this ore by sorting. By doing so we throw 
away '^,Oi)fl tons that will uverugf* 152.50 por ton, or $12,500, Th«* co.st of sorting, 
at 50 rents per ton, will be !^2,500 more. Then our ?^hipment will be as foUow*?: 



&,000 iom^ at $37.60 per ton 

Cast of mining and ^rtinff. 5.000 tans at f^p.dO per Inn 
Frdght and iTCalmefit. 5.0O0 lan& at $11.25 per Ion ... 

Total cost 



1187^500 (» 



32.500 00 
3<i.-'50 0l) 



$K8J5O,O0 



Profet - . , $SW.750,00 

In other words, the gross refeipts in this case have fallen $12.5C)iJ, The 
eosit of milling pf*r ton is more than twice a8 great; the cost of freight and treat- 
ment per ton i^ $3 greater. The apparent showing by the .superintenJeni b 
very bad, nevertheless he has made for the company $11,250 clear profit oo 
the transaction. 

In the first case our total cost for mining, freight, and treatment is only 
$11.25 per ton; in the second rase it is $17.75 per ton, but there is more money 
in the higher cosU*. This is an example that has been worked out in practice. 

A false economy often results from mining too much in a mere attempt 
to produce a greater output than the development of the mine really warranto 
Thus invariabl}' results in mining waste at a dead loss, but as this loss is on the 
same ba^is as the above there seems to be no need to follow the discussion 
further. 

- S 1557. Effed of Losses in Ihtermining Coat^. — Mining, milling, and smelt- 
ing losses often foot up to a total that is simply alarming* It seems desirable, 
therefore, t<» draw attention to some of the sahent facts in regard to lossej*. 

There nt^ver was a mine from which all the available oit was e.xiractc(i. 
The ore is exposed to wastage from a variety of causes. If the ore body is 
large, soft, and homogeneous, as in the Lake Superior iron mines, oi-e iB lost 
through absolute failure to mine it. Some is forgotten until the openings to 
it are caved and lost. Some ore is constantly being mixed with sand or rock 
and left because its grade has been lowered. Some is surrounded by the 
caving of the overburilen into the mine openings in such a manner as to be 
irrecoverable. System, care^ and expense will do much to diminish these lo^<«. 
It may happt^n that beyond a certain point the cost of perfecting the extract ion 
may in(trease very rapidly, may indeed nt^cessitate a different and niore costly 
methoil of iiiining. 

Since mines are workecl for the profit and not for the gross value of their 
output it may be more economical to choose a cheap methotl in which thv waste 
of ore may be great. For instance, suppose an ore worth $2 a ton can be min<Hi 
with a 1)0% extraction for SI. 25 a ton, but that by ant*ther method, at a 75% 
extraction, it can be mined for 90 cents a ton. One hundred tons of ore in the 
ground would in the two cases yiekl the following results; 



Ore worth $2.00 per toa. 


Tore. 


C08t. 


Value. 


Profit. 


U^.! 


00 
75 

00 
75 


$lt2.S0 

07.50 

$112 50 
07.50 


$190.00 
160.00 

$450 00 
875.00 


$ AT .50 

82 50 => $15,00 pin 


^1^^ One worth $5.00 per ton. 


$337.50 


S&^ ::::::::::::::::::::::;;;; 


307.50 -= $30.00 1(»^ 


r 





It is evident, tlierefore, that even in the most homogeneous materials tho 

3t of mining is directly affected by the value of the product. 

5 1558. Smyth*s Formula, — Smyth works out the mathematical expression 
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the proportion of the deposits that may he iibandoned in order to sorure 
power niiniii«!: cost per ton tu^ follows: 
Ix^t Q equal the total miinher u( tom^ of ore in a deposit reroverable by a 
«t favorable method ; A", th(* number of t^ns abandont'»i by any other method; 
f, the profit per ton by method (?; and />' the profit by the othrr method, Q - X. 
When (Q — A') p' =^ Qp, the two methods are equally desirable. Therefore, 






Q - X 

Q 



, and 7: = -, ; = ^~r 

Q p' f p* 



fThen p* — p equals the saving per ton efFeeted by the seeond method. 
le proportion of the deposit that may be saerifieeil therefore depends upon 
e ratio of the Having to the profit per ton. Tliis ratio inereases as xhv profit 
diminishes; therefore for a given saving a larger projKirlion of ore of low value 
Enay^ be sacrifieed than of high value. 

§ 1559. Othir CauMS of Losses. — In every case where pillars have to be 
left as supports there is a likefihood of portions being ultimately lost, \\1iere 
OTVtS art? tjorted, some good materia! is aJways rejeeted through ignuraruH' or 
carele^ness. Where filling is introdueed into a stope there is invariably a 
certain amount of e:ood ore that falls in with it and is lost. In a general way 
we may place mining l<jsses at from 5 to 30^^, of the tieveloped ore, 

§ \3&}. LoHHf^ in AMilling. — MiHing losses are in some loralities aecurately 
studied ; in other places they are casually gues.sed at or ignorecL Sometimes 
losses in concentration amount to UM y^, and even more. 

The importance and economic blearing of the losses sustained in some repn^- 
sentative districts are show^i in Table 56 L 



TABLE 561. — PROPORTIONATE RKCOVERY AND LOB8E3 IN 100 TONS OF ORE IN 
SOME IMPORTANT MINING DISTRirTh*. 



Grow value in the urntind , 

GfQM vulttc rrcovcred by mi nine . 
GroK valiMf rrcovcTcd Uy mililinK 
GroM viliie recovered by suMilllng . 
C*q« AfKrcKAie l«6e» , . . .... — 

PercTDt TOoovCTied 



PilL"stiiurg 
CoftL 



1110 
88 



22 
80,0 



Superior 
Iruo. 



600 lo 7f» 



550 to 744 

M 10 250 

70.0 lo D3 



Souths 
nstcm 
Muttouri 



»4nn 

400 

300 l« 840 

270 lo 332 

&S.0 I.. 72 



South' 

westtra 

MbsMUii 

Zinc, 



$&00 

37fi lo 47S 
187 to 300 
103 to 24iO 
2m ii. 537 
3^ ir. 52 



Superior 
MJppcr. 



%2m 

24(1 
ISO 

too 

G4.0 



Cripple 

CTTck 

Gold. 



11.000 
H50 to ^bO 

782 »o m'l 
E40 hi i»40 

m In ]m 
mo 10 MM 



tThe aggregate losses represent the maximum of additional operating ex- 
iD8e8 theoretically justifiable by the f^xtingui.shment of losses, Mueh eart? 
UHt he exercised in the interpretation r>f these figures for eeonomic purposes. 
The values thrown away are theoretical vakies. The practical limit of extrae- 
Lion invariably falls short of HMK};,. The real piirjiose of the table is to >^how 
in eurrent praetice the debatable grounti in which the eurt ailment of losses is 
eonfrontefl by a rising scale of costs. 

J loGl. The Price at whirk Profit Vamshcs, — The Federal Mining and 
Smelting Company^s report for 1907 shows a net profit of $2,232,249 after 
taking out a '* development account'' of S300;0(J0. This eame from 130,373 
tons of concentrates containing 3,(i89,29S ounces of silver (worth 68 cents per 
ounce or $2, 508, 722 JM) and 59,740 tons of lead (worth *110 per ton or $6,^ 
9:30,536). the total gross value being $9,430,25S,64. On this output the profits 

[ount to 23,6% and the costs most therefore be 76.4*^, jsciving an apparent 
t for lead of 4.43 cents per pound and for silver of 51,95 cents per ounce. 
At first thought one is apt to assume that with costs the same the company 
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would receive no profit unless the prices were above 4.43 cents for lead and'51.95 
cents for silver. How false such an assumption would be appears from the 
following. 

The Coeur d'Alene Mining Companies, of which this is one, do not smdt 
their own concentrates, but sell them to smelting companies, under contracts 
somewhat as follows: The smelter pays for 90% of the lead at 90% of the 
New York price or 81% of the full quantity and price when lead sells at 4.10 
cents per pound or under. When the price rises above 4. 10 cents per pound 
the smelter pays 81% and one half the additional price. Thus if lead sells at 
4.50 per pound the smelter pays 81% of 4.10 plus one-half of 0.40 = 3.521. 
The smelter pays for 95% of the full value of the silver. A freight and treat- 
ment charge of $16 a ton is deducted from the value of average concentrates. 
Applying this rule to the output for 1907 we find that the cost of pix>ducing con- 
centrates was $23.39 a ton, thus: » 

SeUioK Price. Contract Price. 

Lead 5.80 4.171 

Silver 68.00 64U)0 

916.54 pounds of lead at 4.171 cents - $38.23 

28.298 ounces of silver at 64.60 cents » 18.28 

Total \'aluc per ton $56.51 

Freight and treatment charge 16.00 

$40.51 

130.373 tons at $40.51 - $5,281,410.23. 
Profits - 2,232.249.00 

Total cost of production $3,049, 16 1 .23 

$3.049.161.23 .0^,0 . . , . 

— IgQgyg — =» $23.39 cost per ton produced. 

Now let us see what would happen to the Federal Mining and Smelting Com- 
pany were the prices nnlured to the point where profits apparently vanish 
according to 1907 experience. The concentrates contained: lead, 40.827^ r> 
916.54 pounds, and silver, 28.298 ounces per ton. The value is figured as fol- 
lows : 

Selling Price. Contract Price. 

Lead 4.41 3.426 

SUver 51.95 49.353 

910.54 pounds of lead at 3.426 cents = $31.40 

28.298 ounces of silver at 49.353 cents = 13.97 

Total value $45.37 

On this our costs are : 

Freight and irciitmcnt charge $16.00 

Mining and milling 23.30 



I 



Total $39.39 

We have a profit remaining of $5.98 per ton. This on 130,373 tons would 
be $779,030.54 or 34.9% of the profit at 1907 prices. On this basis we may 
figure the real vaiii.^hing point for lead as follows: 

Let the silver price remain stationary and we shall have in our concentrates 
silver worth $13.97. Our cost is $39.39; therefore 916.54 pounds of lead must 
be worth $25.42 or 2.773 cents per pound. But as this is only 81% of the 
selling price th(i latter will figure 3.421 cents. It would seem, therefore, that 
we have reached the vanishing point of profits as far as the Federal Mining 
and Smelting Company is concerned with lead at 3.421 cents and silver at 51.95 
cents at New York. 

But this deduction may also be wrong as the company has a chance to 
select its ores and produce a higher grade product. Suppose it produces from 
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3 more favorable mines only 65,000 tons of concentrates instead of 130,373 
>n8 and that the selected concentrates carry 56% lead and 38 ounces silver. 
Lippose this ore costs 10% more for mining and milling and 12.5% more for 
eight and treatment and we have a cost of 

Mining and milling $25.73 

Frdght and treatment 18.00 

$43.73 

But the ore will be worth as follows: 

Lead, 1120 pounds at 2.773 cents $31.06 

Silver, 38 ounces at 49.353 cents 18.75 

$49.81 

Thus we have a profit per ton of $6.08 still or $305,200, and in addition the 
ompany is keeping in its mines a very large amount of ore that may be avail- 
blcj at better prices. With the above grade of concentrates, supposing that 
ilver remains the same, the vanishing point of profit on lead will be reached 
t 2.230 cents by contract or 2.753 cents at New York. 

Even yet we have not reached the limit of the company's resources. It 
? safe to say that if lead had to be sold at 3 cents per pound, supplies to the 
nines would be cheaper and wages could be reduced. 

STATEMENT OF MINING COSTS. 

§ 1562. A true statement of mining costs should fall under the following 
leadings : 

(1) General expense of the company. 

r Exploration and development. 

(2) Minine Stoping cost. 

^ ^ ^ Stoping and sorting losses. 

Amortization of mining plant. 

{Transportation to mill. 
Operating costs. 
Amortization of milling plant. 
' Transportation to smelter. 
(4) Smelting, refining, and marketing . . - ?^^^^^g^^^^ ^^^^' 

Amortization of smelting plant. 

Unfortunately it is impossible to treat the subject so comprehensively owing to 
he absence of adequate reports. In the absence of such reports as will give the 
essentials, the most feasible plan of treating the subject seems to be to divide the 
'osts into three main headings: (1) Mining, including development; (2) milling, 
ncluding transportation from mine; (3) smelting, refining, and marketing, in- 
cluding transportation from mill and to markets. Generally the reports, or re- 
iable information, are sufl[icient to give a fairly close approximation to the costs. 

§ 1563. Man.\gement. — This item is here used in its broadest sense and 
ncludes the financing of an enterprise, the determination of its scope and its 
administration. 

To begin with, it is noticeable that enterprises in a given district have much 
n common and are apt to differ in methods from the enterprises of other dis- 
ricts. Each district has its own peculiar methods. 

There is a probability that the methods of a given district are pretty net 
orrect because they are inevitably the result of experiment, or evolution, 
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the fittest has survived. It is logical to expect this. It is probably unfiin 
thcTpfore, to meai^ure the methods of one tJLstrict by the stanflar<b r»t 
but thi^ does not mean that the methods in u>*e are always the best. 
always some operators in the same district who get betttiT results thjui iimt 
nearest neighbors. There are mines, long considered as well managed in pPN^- 
perous times, whit-h have cut their cost of production in halves under the ui 
sity of *' hard times/' and we often find^ in any district^ examples of mines vr, 
have failed under one management and succeeded under another. Alth , 
theefTect of maria.4i:ement is well understood by many, and camiot be expn-^- . 
in figures, then' are srioic things which may be said at this point about it 

One thin^ has been noted as a rule, viz: rich mines cost more to run i 
low-grade nunes. It is generally conceded that this is to be explained b 
liberality of lire care-fre**. There is something more than this. 

j l.'jiU, L(jt;iCAL Reason for Run Mines Costinc More. ^ — There iiiaj 
be no physical reason for such a difTrrence in the cost of operating high ari< 
low-grade mines and there may be no intentional liberality on the pai*t of 
owners of the richer property. There is^ however, a logical ground for a diffi 
enee in the selection of methods imposed by necessity. In rich mines llu*! 
is no necessary stdection and liL*n(*e there is often no selection. We ma; 
therefore^ count on a certain increna^nt, either large or small, of additii 
expt*nse in mining rich (jres as compared with poorer ores. 

J 15(35, ICi cjNoMV AND Speed. — C II. Hoover, after considerable study, hi 
come to the conclusion that ecom*mical nunes should be worked out with grti 
rapidity and that additioiuil plant should be provided for the extraction of di 
covered ores within periods of from 3 to 6 years. This seems undoubt4Hlly true 
applied to gold mines since no limitation is put upon the output by the market 
It nuiy b<: stated in tliis connection that a wide-awake manager may st^e his wai] 
clear to overlook questions both of high extraction and of cheap work to rej 
the benefits incident to speed. 

Copper. 

§ 1566. Lake Superior District. — Practice in the Lake Superior cop[ 

district during the last ten years has fixed a cost of about 81,500,000 hs nee 
Bary for the prelinu'nary development and equipment of a property on a sc; 
conunensurate with economy. The miiR\s are dry and safi*; the ores of ea 
deposit are uniform in ciiaracter and can be concentrated eajsily and cheaply 
the smelting opiiratlons are rt^duced to a nunimum. the concentrates to b 
snielted ranging from 1 to 4,5% of the rock milled. Wages are very moderate 
being about 25 cents an hour; supplies of all kinds ait* cheap; the country i 
the neighborhood of the mines is well watered and well timbered; transports 
tion to and from markets is done mainly by water, and is ver\* cheap. Thi 
population is vigorous and intelligent, although at least 95% of the men em 
ployetl in the mint's are of foreign birth^ the greatest number being Fiiu 
Knglishmen^ Austrians, and Italians. It may be saiil, theiTfore, that not 
single factor in the working of the mines is unfavorable. 

Under present conditions the total cost of mining these ores and marketing 
tho copper is from $2 to $3 per ton. The rock hoisted at the various min(*s 
sorted at the rock houses and shipped to the mills on the shore of LakeSuperioi 
ur its bays. The distance is usually from 10 to 20 miles. The mills concent rat 
he rock into '"minerar* containing about 70*;;, metallic cupper. Tliis minera 
^then smelted at plants situated along tlie shores of Portage Lake, an inlet ol 
ike Superior. The smelting and refining iire done by a single process; and in»o1 
jpper is produced that needs no further refining, the copper being except ionall 
J re and commanding a higher price than any other in the market. 
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§ 1567. Nature of the Deposits, — While in a broad sense the conditions are 
rather uniform throughout the district, there are three fairly well marked 
types of deposits whose characteristics impose certain differences of method 
and cost. One is the conglomerate, of which the only commercially valuable 
deposit is the great ore shoot worked by the Calumet and Hecla and the Tama- 
rack mines. 

The amygdaloid deposits are rather numerous and have much in common. 
There is, however, an important distinction between the Baltic amygdaloid 
and others such as the Kearsarge, Pewabic, and Osceola amygdaloids. The 
latter either are, or are assumed to be, homogeneous, in that all of the vein 
stuff is sent to the mill with little sorting at the surface. The rock is softer 
than the conglomerate and more easily milled. The hanging wall is generally 
firm, so that in some cases mining can be done without timbering. 

The Baltic amygdaloid is harder than the ordinaiy amygdaloid and the 
copper is very apt to be attached to numerous small fissures that traverse the 
bed. The result of this distribution of value has been the development of an 
entirely distinct type of underground mining based on a system of sorting waste 
out of the vein itself and leaving this waste in the stopes for filling, the larger 
pieces being piled into a wall and used to support the roof. 

Table 562 gives an idea of the characteristics of several of the Lake Superior 
copper properties, and Table 563 gives a summary of the costs at these various 
mines. 



TABLE 562. — APPROXIMATE FACTS CONCERNING MINES OF THE LAKE SUPERIOR 

COPPER DISTRICT. 



Name of Company. 


Kind of Rock. 




it 

< 


il 


M 
p 


9 


.2 . 


3^ 


Advantoges and Dis- 
advanUges. 


Wolwrine 

Mohawk 


Kearsage amygdaloid 
BalUc 

Osceola " '.'.' 
•» t* 

Kearsarge " 
Calumet conglomerate 

M M 


2 

2 
3 

3 
3 

1 
1 

2 

4 

4 


15 

15 
25 

24 
25 
23 

14' 
23 


37 

38 
70 

70 
68 
40 
40 

40 
37 

37 


"Stope 
drifts" 


100 ft. 


2.500 

1.200 
1.300 

1.000 
1.000 
2,500 
1.400 

1.000 
4.000 

4.600 




Ideal conditions. Little ex- 
ploration work or water. 
No timbering, complex 
vein systems, or faulU. 
(jood working room, ven- 
tilation, and soft ground. 
Few piUara left and it is 
the richest amygdaloid in 
the district. 


Bahic 


Sorting 
and 
aUing 




80 


Whole of wide vein mined. 
40 percent picked out in 
the mine as waste and 
used to support insecure 
hanging wall. This restilts 
in mine security, no ex- 
ploration work, and no 
pillars left. Rock knded 
mto cars from stone chutes. 

Ditto. 


Champion 


Trimountain 






Ditto. 


Tamarack 






Softest. 


Calumet and Heda 






.MiUs handle 40 percent 


****** 
****** 

Tsmarack 




110 ft. 
93 ft. 


more amygdaloid than con- 
glomerate. 

Ditto. 

Deposits uniform.contintioas, 
and 2} times richer than 
amvgdaloid. Hard, tough, 
and jagged rock and looae 
hanging wall demand ex- 
perienced timbering. 
Great depth and heat. 

deep shafts. 
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TABLE 563. — WORKING EXPENSES OF MINES IN THE UiKJC SUPSRIOE OOPf! 

DISTRICT. 



Name erf Compsin', 

KM "< l^-i; 


Wolverine. 
Anjjjd.- 


Amjji* 




ChAmpioii. 

1906. 


Tritnaun- 

Amygtlji* 
loid. 


CmXumtt & 
UecU. 

AuiTied*- 


r^m^ 


Year .,........* 








Ton* tsf rock bobted * . 




703,771 

618,&4a 

15.12 


IW9,M2' ' 
22 

$0,07 
0.12 
0-79 
0.21 
0,07 
17 
0,18 


* «7iji*s' 

25 

$o.oa 

12 
0.^ 
023 

*0.10 
14 
0.22 


50fl.1»42 
19 

$0,08 

0.10 

1.05 

. 0.21 t 

0.1] i 
021 1 






" ** ** ilampcd ..,,,,,...... 






YirM tkio paiindi .... 






< , ■ -C ...» 4 


io^ 






tO.228 


|0,0» 




nJ labor .,.-. 






Ru-tk huu^c expense ^ »*,.»,,, . 
Tr^a^purutiun tu tltiU 


0.98 
0.04i& 

0-22 


0.«3 
07 
U.I 4 
019 


1.10 
0.40 








Smelting, refining, and markettnR 
Cutlet ruction ,,__..,. 


tl.ftlH 
0,384 
0.08 
0.20 


$1,42 
OlM* 
0.10 
0.25 


11. til 
0.2S 
010 
0.15 


$1,77 
0S2 
10 
0J7 


$100 
0,21 
OJO 
0.22 


$1-72 
0.2S 




AmorU/JUioti ..,...,. 




....J- 






-M 


Total 


$2,212 
7.93 


tLSt5 
11. 05* 


$2.11 
9.S0 


^,4ti 
9.75 


$2,45 

12M 


ti.97 




Avcruge cost per (Hiund ttf nrAned 
copper in New York. Ceubi 






'■"* ^ 



*Olli mum of 17.»V5 pminth per Ion which tnclucJes ihc smelling grade ol rotk taken directly frtun the mine, 
ftvenge price ol Luke 0»pper io New York during lOOti was tUf.Oltt cenis per pound. The average price of elec»d|( 
, copper ia New York during IfiOO wjia 19.271$ cem& per putuHl. 

In iitldition to the information whirh will be found in the tables it may 
said tlutt tit the Wulvcrine mine, in llKXi, sinking cost $17/2N per foot» stopin 
S7.tV9 per fathom, and the cost of running drifts was $5*68 per foot id exccas ( 
tlie cost of sloping an equivalent amount of ground. 

In 11)04 the rosts at the Tamarack mine, working on conglomerate rock, 1 
become : 

Miniai!^ and stamping »..».» * .$2.42 

Smelting iind general O.dl 



TotAl 



.$3,03 



Of late years a good deal of amygdaloid has been mined by this company. 
§ 15fiS, Montana District. — The external fitctors of mining cost in the 
Butte il [.strict are unfavorable. The district is situated on a i^enii^arid platea 
at great distances from the important industrial eentri-s of North Amerid 
in a region containing, it is true, supplies of fuel, timber, and water for powc 
piiipoHcs, but these supplies are iu every case situated at considerable distance 
from the mines and umler conditions not favorable for clieap delivery. Mc 
of the mining supplier and all of the copper product must be shipped long dis5-" 
tances overland on railroads operating in sparsely populated tlistricts with 
high gradients and high operating costs. The freight by rail, for instance, 
on copper from Butte tD New York is at least six times as great as the rate by 
water from Lake Superior to New York. 

The labor employed in the Butte mines is rigorous, intelligent, and, undo 
, normal conditions, abundant; but on the other hand, the wage.s are th<» highe 
' paid in the United States, if not in the w^orld, for any considerable volume * 
labor. Under present conditions, wages in Butte are nearly 10G<^^, highe 
in Lake 8\iprrior. It seems unreasonable to estimate that more tha 
li of this dilTerence can be made up by superior efficiency in Butte, so tha 
:)und numbers w^e shall have to estimate labor costs in Butte as at lei 
higher than at Lake Superior. One unfavorable factor which may 
L^d as external is the location of claims under the apex Jaws resulting 
Btant litigation. 
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The internal factors in the Butte niine^ arc not unfavorable for fissure 
vein deposits, but they present certiiin characteriytit's whirh make for increaaed 
costs as compared with Lake Superior. The ores all come from an area of about 
two square miles, wliich is a favorable feature. 

Another interaal factor making for hit:;her costs is a great complexity of 
vein vStnicture whieh has proved a serious problem to unraveL The oxi<lation 
of large bodies of pyrites and the decomposition of vast quantities of timber 
in these mines has resulted in the generation of an unpleasant degree of heat. 
The temperature must be kept down by very thorough venlilation^ Herti 
we have a factor that makes for adilitiunal eosts. 

§ I0O9. Method 0} Mining and Trmiment. — The Butte ore is al! opened 
by vertical shafts wiiich at present hjive jAttuined depths of from 1,SOO to 2,.sO0 
feet, lievels are run out at iutervids of lOi) to 2()(* fe(»t. A large amount of 
tleadwork is necessary to discover and develop the ores. This item, estimated 
at 30 cents a ton, is quite absent from the prominent Lake Supeiior copper 
mines. Expensive timbering is necessary at all times and as a rule the stopes 
require, in addition to the timbering, a rock fill 1 tig for safety. This filling is 
|3iot sorted from the vein itself, but it is suggested that it might be. Since the 
"cost of transportation, concentrating, smelting, refining, and marketing amounts 
to at least S4 per ton, it would seem as if the point at which ore already broken 
would better be left in the mine than treated, is about L2rj to L*'30% copper. 

At the Boston ^ Montana mine explosives, consisting of powder, fuse, and 

caps, cost 9 cents per ton of ore broken; candles cost *2 cents; tind>er^ 40 cents; 

coal, 14 cents; and other supplies^ 13 cents. As all the mines of this district 

are alike, the Anaconda mine is selected as a basis for comparison with the 

I Calumet & Hecla iit Lake >^uperior, merely for the purpose of calling attention 

I to the factors which are believed to establish the estimated costs per ton. Table 

t 564 gives the estimated costs, it beings of course, impossible to give the abso- 

lutely accurate figures. 

TABLE 564. — ' AFPKAISEMENT OF COST FACTOHS AT ANACONDA AND AT CALUMET 

& HECLA. 



Bl0siag tabor 

ExpioitAtkMi 

SuppUa iaduding limber, 
Ctiier.t.1 expend 



Tolal costs at the tnioe . . , 
CADslruction and omonization . 



Total. 



Freight lo mill 

Coat of ciinrentraling ..,,*.,.« 

Coet of smelling ,,.,...., 

Cast of refining ^tul raarkeling . 



Total out^iiic ccMs 



Caliimcl and 
Heck. 



tl.lO 



0.50 
0-22 



fL82 
0.2fi 



12.07 

I0J5 
0,55 



0.50 



f3,37 



0.30 
0.5O 






90.15 



L21 



VM 



Differctice 

Aguin&t 
Aaaconda. 



10.55 
OJO 
0,40 
0.28 



+ ILB3 



+ $2.35 
+ 071 



$4 JO 



PcrccntJiK*' milU-fl, Calumrt It HwIji mine, IW. 

VvTceoXage jtmeheti, Caluiru^t & Mecla mine, "A, Anaconda mine, 45. 

roundi coppcf Iter ton^ C4kmet & Hetia mine, i2\ Anatfinda mine, 63. 

The method of treatm(*nt in Butte is about as follows: The ore is hoisted 
from the mine and clumpL-d diret'tly into large bins from which it is drawn into 
railroad cars and transported to combined ronrentraiing and smelting plants. 
A small proportion goe\s to phints in tfu* vicinity of Butte itself and not more 
than two or three miles from the mines^ but by far the greater portion is taken to 
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Atiaconda, 26 miles away, or to Great Falls, 100 miles away. At the* f^mf-lM 
all ores rontiiiiiing Iosh than 6% copper ai*t* concentrated. The hi ^ 

ores are smelted in bhust furnaces and the concentrates in reverb*] rj 

naces, collecting the metals into a matte which is bessemerized on the grotuH 
into blister copper. A portion of tliis blister copper is refinetl at the Grail 
Falls plant, but by far the greater portion is shipped to the Atlantic seabotUB 
in the neighborhood of New York and there refined. M 

The most pronounced factor making for high costs in the Butte ores is tfl 
large percentage that must be smelted. This can be estimated roughly ■ 
40% as against 4% for the richest copper ores in the Lake Superior di.Htrieu ■ 

It is believed that the larjj^e eonci'ntrating and smelting plants at Aiiaroufl 
and at Great Falls are equipped and operated as well as any in the world. J 
pains having been spareii in capital expenditure to secure the greatest econora)' 
At the Boston and Montana concentrator the total cost of producing cooctat 
t rates h 50 cents per ton of ore treated, made up as follows: Labor 27 cenW 
power about 11 cents, and general exp*'nse, supplies, ete*. about 12 cmm 
But it is manifestly a physical impossibility to smelt 15 to 30 tons of ore ■ 
Butte for anything like the cost required to smelt 1 ton of concentrates at Lafl 
Superior. Furthermore, the Butte copper must stand not only a very hejill 
transportation expense to the seaboiirtl, but must further undergo the exj» 
sive process of electrolytic refining. The logical result of these conditions ■ 
thai in Butte, $4 a ton for concentrating, smelting, and refining may he ciM 
sidered as an absolute minimum as against a cost of from 60 cents to $1 at hM 
Superior. J| 

Table 565 shows the reported costs for the various mines at Butte for 19fll 
and 1907. It is worth noting that the cost of mining proper has tended to ria 
during the past five years, probably on account of an increased proportion m 
development work undertaken in recent years. On the other hand, and ■ 
the same limi\, Hie cost of reduction, refining, ami marketing have been notablj 
reduced, due, probably, to tlie greitt metallurgical improvements that have b^ 
effected by reason of the liberal policies of the companies. In the case of till 
Boston antl Montana a considerable saving has also been effected in traiM 
portation cost. I 

TABLE 565. — COSTS AT MONTANA COPPER MINES. ^^M 
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190<1 ... 
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10. l& 
0.10 
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It is to be noted that the Butte and Boston ores have cost less than the 
ithers. This i& undoubttxlly due to their towf^r grade, the proportionate cost 

smehing, refiJiing, and marketing being less. On the otlier hiuid, the North 
Butte has cost more on account of its higher gratle, and Butte Coalition has 
cost more tlian the average on account of the large expenditures for improve- 
mentj?. 

§ 1570. Ahikona DiSTRicrs. — The external factors are unfavorable. 
The mines are situated in an arid plateau poorly supplied witli water, fuel, tim- 
ber, and population, whi{'!i along with high freight rates makes for high coyts. 
Wages of white uiint^rs are $3.50 a sluft of S hours; Mexicans are paid S2,o0 
a shift. The .summer heats are debilitating atid the energy of ihe men is some- 
what less than it would be farther north. Tlri.s is partirularly true in regard 
to jjietallurgieal work. The internal factors vary with each district, the h<nivy 
pumping charge in the Globe distrit^t making for high mining costs. High 
milling costs in the Morenci district are caused by the scarcity of water. 

§ 157L Clijton-Morenvi. —This district produces a porphyry ore in whicli 
chaleorite is disseminated. The ores form large irregular bodies at tiejjths 
of ItM) to 300 feet below the surface. In this respect the ore is easy to mine, 
but there is a certain irreguhirity; not oiily in the ore bodies us a whole, but 
also in their interaal make-up* A certain amount of sorting may be done to 
advantage in thf* mines. The ore is fairly hartl and firm and is taken out by 
square setting* About 1 foot of opening work is necessary to find anrl develop 
15 tons of ore. The cost of this work is said to be from 21 to 33 cents a ton. 
Sloping costs are about $2 to $2. SO per ton. 

In 11MJ6 the Shannon Copper Cimipany handled ore averaging 3.36% copper. 
The ore sent direct to the smelter averaged 4.37% copper, that sent to the null 
2.86% cupper, and 44.5% of the total output was smelted. A saving of fi9% 
-was made by the eombined milling and smelting operation or 47. G pountls per 
ton of ore. Stoping cost $L92 per ton and for the year previous the total 
mining cost was $2. 13S per ton on an output of lS8,85tj tons. In llK)fi the out- 
put was 210,020 tons, of wluf4i 140,6S3 tons were milling ore. Table 566 gives 
a summary of the operatiouii for 1900. 



ABLE 566. — COST PER TON AT THE SHANNON COPPER COMPANY IN 1906. 




Operating mines, milb>. and smellcn . , . . , , $&.20 

Exfiioruiiiici uod developrocnt ....>...«.».... « < . . 0.3^ 

Freight , rctmitig. rlc. .......»>......,.*..*. ^ * _.. . , , flJiS 

Gcnrrd »|ieas« ,.., * , ,»..,,..,♦,<,..».. 0.30 

Ootaide development, etc , iOJO 

Touil emu .,....., .I84S 



Cost per pound at New York, 15,7 cents. 
The Arizona Copper Company givew ita costs of mining, including dead- 
work, ores purehased, and leaehing, tus ^2,50 in lIMHi It seems fair to a.si*ume 
from this tliat the nndergroinid eosts are .subHtantially the .same as the Sharuum. 
L ^Wuming that thi- cost of mining, ineJuding dev(4opment, is $2.25 to $2.50 
u^ton, and that t>ut of this cost al>out 50 rents a ton is due to timbering, it 
PBenii!^ fair to say tlnit the exeess over Lake Superior eosts is due to the external 
^factors. 

The internal faetorj* that govern the cost of treatment are the losses due 
to coneen (rating, the proportion of concentrates to crude ore, and the Bmelting 
qualities of the ore. 

Table 507 gives a summary of operations of the Arizona CJbpper Company 
for 19<J0. 
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TABLE 567. — COST PER TON AT THE ARIZONA COPPER COMPANY IX 1906. 



Cost working mines (deadwork. ores purchased, leaching, etc.) $2JS0 

Smelting, rchning. and marketing 2.06 

General 0.14 

Interest and amortization 0.70 

Total costs $5.40 



The cost per pound of copper in New York was 11.07 cents. During 1906 
this company handled 610,000 tons of ore, of which 20% was smelted without 
concentration. The costs for concentrating, smelting, refining, and marketing 
together were $2.06, the costs being based on the entire tonnage sent from the 
mine. If the cost of concentration is 75 cents a ton including transportation 
from the mines, the cost for smelting, refining, and marketing would appear 
to be about $6 per ton smelted. On this basis the cost to the Shannon Com- 
pany, on account of the larger proportion smelted, should be f 1.80 higher than 
to the Arizona Company. This seems to be approximately the case. 

§ 1572. Bisbee or Warren, — The internal conditions in this district are 
quite different from those in the Clifton-Morenci district, resulting in mining 
costs of $6 per ton here as against $2.50 or less there. The ores yield about 
7% copper after a rough selection in the stopes, where about one-half the 
total material broken is rejected. From 7 to 10 tons of ore are extracted per 
foot of opening work. (Jround movement is so violent that the cost of timber- 
ing is high. About 30 feet board measure of timber from Puget Sound is 
buried in the mine per ton of ore extracted. At $24 per thousand, this 
amounts to 75 cents a ton for timber alone. In this district it is necessan* 
in mine development to not only open up shafts and drifts to reach the ore, 
but a searcli through 10 cubic feet of difficult mining ground must be made 
for every cubic foot extracted. No concentrating ore has yet been found in 
the dif^trict. All the ore raised from the mines must be smelted, consequently 
it must be selected as much as possible. 

To sum up — tliere are in thes{^ mines three powerful factors that make 
for high costs: (1) A very large proportion of development work; (2) .soft 
ground, requiring slow, cautious working, and heavy timbering; (3) careful 
selection imposed by the necessity of smelting the whole product, tlius impo.siiig 
a high subsequent metallurgical cost. This is the most imperative factor of 
all, for it can be shown that in this case lower costs at the expense of lower- 
grade ores might result in frightful losses. To mine 4% ore for $3 a ton against 
"/fj ore at SO a ton, smelting costs remaining the same, would increase the cost 



of copper about 0.82 cent a pound, or $16.40 a ton. 

In 1906 the Calumet and Arizona Mining Company handled 236,563 tons 
of ore i)r()tlucing IS, 735 tons of copper which cost in New York 7.76 cents per 
pound. For every dollar's worth of copper 3.5 cents' worth of silver was also 
produced. Nine and one-half tons of ore were obtained per foot of develop- 
ment work. The costs may be divided almost equally. Mining per ton of ore. 
$6.06; smelting, refining, and marketing, S6.05; total, $12.11 per ton of wet ore. 

The actual division of concentrating expenses as to labor, supplies, etc., 
at two establishments in Southwestern Arizona for the year 1907 is given in 
Table 568. 
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TABLE 568. ' — CONCENTRATING EXPANSES IN SOUTHWESTERN ARIZONA IN 1907. 



Ore Concentrated. 



Lalmr 

Supplies 

Criishing 

Power 

Water supply 

Circulating water . . 
Re- pumping water . 

Repairs 

Incidentals 



Totals per ton 



Plant No. 1. 


Plant No. 2. 


347,019.70 Tons. 


152.272.62 Tons. 


Per Ton. 

$0.2257 
0.0175 
0.0463 
0.1734 
0.0705 


Per Ton. 

$0.2471 
0.1278 
0.0826 
0.1093 


0.1130 




0.0707 




0.1 636 




0.0578 


0.0275 


$0.9385 


$0.5943 



At plant No. 1, during 1907, 347,019.70 tons of dry ore, running 2.9235% 
in copper, were milled, and 139.75 tons of dry slimes, running 7.01 11% in copper, 
were remilled. A saving of 79.64% was made, or 51,724.433 tons of dry con- 
centrates, running 15.222% in copper; 1578.403 tons of dry slimes, running 
7.73% in copper; and 293,850.614 tons of tailings, running 0.705% in copper, 
were the resulting products. The mill ran 92.84% of the total time and 1024.06 
tons were milled per 24 hours of actual running time. 315.83 gallons of water 
were used per ton milled, or 220.87 gallons per minute. 

§ 1573. Utah. — The average cost of mining copper-sulphide ore bodies at 
Bingham, Utah, is given in Table 569; this includes two methods of mining 
concentrating ores and one method of mining smelting ores. 

TABLE 569. — AVERAGE COST OF MINING SULPHIDE ORE BODIES AT BINGHAM, 

UTAH. 



Exploration work and stripping 

Sloping including timbering and filling j f^^*J." ' ' 

Tramming to ore bins 

Power and light 

Surface expenditures, improvements, etc 

Enginvcring and assaying 

Salaries ami general expcase 

Development 



Total mining 



Smelting Ores. 
Mining by Square- 
setting and Filling. 
Per Ton. 



Top Slice Caving Sys- 
tem. Per Ton. 



$0.15 
1.01 



0.15 



0.04 
0.02 
0.13 
0.10 



Concentrating Ores, 



0.50 
0.10 



0.04 



0.01 
0.04 
0.03 



$1.(30 



$0.72 



With Steam Shovcb. 
Per Ton. 



$0.05 
0.10 
0.05 



0.01 
0.04 



$0.25 



Table 570 gives the average cost of milling concentrating ores in Bingham, 
Utah. 

TABLE 570. AVERAGE GENERAL MILLING COSTS AT BINGHAM, UTAH. 



Per Ton. 

Labor $0.25 

Supplies 0.10 

General expense 0.05 

Power and light 0.20 

Total milling $0.60 



The cost of supplies in this district is about as follows: dynamite, 30%, 
S11.80, and 40%, $12.80 per 100 pounds; drill steel, 8 cents per^^pound; timber 
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and lumber, $25 per thousand fret board measure; round poles from 5 U)8' 
inches in diameter indunive, one cent per inch-foot; lump coal, delivf^rcd/ 
$4.50, run of mine, $4, and slack $.3/25 per ton; candles, $3.41 per case of 40 
pounds. 

The wages for underg:round help are about aa follows: Muckers, haad 
trammers, mule trammers' helpers and nippers, $2.50; machine helpers^ hand- 
steel miners and mule trammers, $2.75; machine men, timber men and motor-! 
men, $3; tool sharpenervS, ^3,50 per 10-hour shift; blacksmiths and earpentetB,| 
$4 per 10-hour shift; shift-bo8ses, $4; and foremen, $5, all being on 8-hour shifls 
unless otherwise mentioned. 

All the wages in steam-shovel mining and surface work are on a lO-hour 
basis and are as follows: Trackmen, dump-men, and laborei*s, $1.75; pitmen 
and quarry men, ?2; labor bosses and second helpers for machine men, $2.25; 
strcuun-fshovel and locomotive firemen and watchmen, $2.50; trainmen, $3; first 
helpers for machine men. $3.40; locomotive engineers and machine men, $3.75; 
helpers for Keystone drillers, $1: Keystone drillers, $5; steam-shovel cnme- 
men, $125 per month; steam-shovel engineers, $175 per month; and foremen 
from $125 to $175 per month. 

5 1574. Utah Consolidated. — The ores mined by this company avemge 
by actual recovery for Hv^ years (50 pounds of copper, 1.33 ounces of silver, 
and 0.104 ounce of gold per ton. The silver and gold are worth about $2,8S 
per ton, so that with copper at 14 cents per pound there is a total metalJir 
extraction e(]uivalent to KO pouufls of copper. The ore is cheaply mined and 
is nearly self-fiuxing. It is delivered to the railroad over an aerial tramway 
about 12,0(X) feet long and is transported by rail about 25 miles to the smelt<*r 

The external condition.s are, for the Rocky Mountain region, good, and the 
internal factora, with the single exception of the requirement of smelting all 
the ore, are very favorable for cheap work. The ore is soft, uniform, and occure 
in goofl-sized bodies. The stopi ng is done in square-set rooms. The item of 
timbering must be one of the chief mining expenses. 

Table 570a shows the costs for 5 years ending December 31, 1907, 

TABLE 570a. — COSI^ PER TON FOR FIVE YEARS, UTAH CONSOLIDATED, 



J 



Per Ton, 

Minitij?, I.2fi0.453 torn *.,.... .$1.73 

DcvcUnnncnl, 1, 400, (XW ions ,. , ,...,... OJO 

Transponaiion, smettiuK. Atid nhmng 1,276,992 tout ,..,««*.,.«,,......,»*.*. 2.80 

Gcncfal expense. i,27fi,3»3 inns ..,.* ..»,.* ,.»,- 0,23 

Current coaatnitlion, 1,276,31)3 trrnA ^..».». .**>... 0.34 

Amorttation* etc , » , , . . 0.48 

Toul cost 15.88 



Remembering thut the ore contains in copper, ^okl^ and silver the equiva* 
lent of so pounr!s copper to the ton, we get an average complete cost of producing 
copper of 7.35 cents per pound. This maybe divitled as follows: actual operat- 
ing cost, 6.75 cents; allowance for return of working plant, 0.60 cent. Of 
course, everything received above (3.75 cents for copper or its equivalent in 
New York goes to the stockholders as dividends, 

§ 1575. Tennessee Copper Company. — This is the only mine of impor- 
tance ill the United States found east of Lake Superior* It mines several large 
lenses of cupriferous pyrite. All the oi'e must be smelted in the blast furnace. 
^hv plant is said to tlo the cheapest work in the world. 

The external factors aie favorable. Fuel is cheap and transportation to 

rkets much less than for Western mines. Wages are about 20 centa an hour 

i m this ease the efficiency is probably high. 
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The internal factoi's are favorable, with the exception of the necessity of 
jBinelting all the ore. This is a most powerful element of high cost* The ore 
yields only 32.5 pounds of copper to the ton. 

The current operating costs for 1907 were as follows; 
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Per Ton. 

Mining ♦1.22 

SmdtinK , . , * 2,14 

Admimslmiioni olc. 0.49 

Total per ton , . . .|3.8fi 



To this should be added 21 cents a ton for the use of the mining plant and 
47 cents a ton for the use of the railroad and smelting plant, making a total 
of S4.53. On this ba^^is anything rercnved above 12 cents a poiintl for copper 
in New York is applicable to divklcnils and anything above 14 cents is net 
profit after allowing for the return with interest of money invested in the plant. 
These costs are higher than the average by from 5 to 10*;^. The costs fur 1907 
were high on account of unfavorable economic conditions throughout the coun- 
tr>v It should be explained further that in addition (o the copper the sulphur 
is being utilized so that in the future the property will not be wholly a copper 
mine, 

g 1576. Granby Consolidated. —The (Sranby Consolidated Mining, Smelt- 
ing, and Power Company, Limited, of British Columbia, handles a chalcopy- 
rite-porphyry ore w^iich yields by actual extraction 24.2 pounds of copper, 
0,38 ounce of silver, and 0.00 ounce of gold per ton. The silver and gohl are 
worth $1,42 per ton which is equivalent to about 10 pounds of copper. The 
total value, therefore, is equivalent W a little more than 34 pounds of copper 
per ton. A large part of the mining has been done in open pits with steam 
shovels. The ore will not concentrate, but is smelted in bulk. 

It is very hard to obtain data concerning the costs at this property, but 
Table 571 gives as close an estimate, perhaps, as can be gained from outside 
sources. 

TABLK 571. — ESTIMATED COSTS PKH TON AT CJRANBY. 

Ctmi of copper for current operation and construction per pound .,,,,.,.,. fO. 1 1 

Profit per poimd required to return capital in 15 ycfirs with 5 [icr ceni interest ........ 0.035 

Total cast required at manmum output for 16 years to malce the investmem ]usti&al:)le .. HAih 

5 1577. Mount Lyell, Tasmania. — Sixty per cent of the Mount Lyell 
comes from open-pit mining and averages to run 0.6% in eopper, while 

other 40% comes from underground workings and averages to run 6.0% 
in eopper. 

The external factors are probably nearly average for English-speaking 
countries. The climate is rainy, but not more so than at Cornwall or Scotland. 
The mines are situated near the coast, so that supplies must be reasonable 
in cost, and transportation of copper, even to England, must cost less than 
transportation of Western American copper to New^ York, 

The inteiTial factors are, for a smelting enterprise, very favorable. As a 
large proportion of the ores come from open-pit work, the average cost for 
mining is less than 82 a ton. The smelting is largely pyritic and the propor- 
tion of coke used in the charge is said to be only 1%. 

Table 572 gives the costs per ton computed over a period of 4 years. 
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TABLE 572. — CO»T^ PER TON AT MOUNT LTELL. 



Mining And sir'; 
Smdiititt itntl i' 
(jencral cxpetist 
Amr^rrliation — 



• l*cr Ton. 

^1 tiiiM and devrloHn« l,13L258 tooi , . -$iM 

|\7U3 ions, railway cKfienMs, frright, and nurketinjc, . 3.11 
cui Q2$ 

*...rt. fl-36 



ToUlcort $5J>2 



The aftuiil extraction has been 86% copper, 99% of the silver, and M%\ 
of the gold e^tiiiuited by assay to he contained in the ore. On this basis thm\ 
h'dii bf'en reeovered 45. o pounds of copper, LS ounces of silviT, and 0.054 ounfts] 
of gold per ton of ore treated. The gold anrl silver are worth $2.18 per ton! 
at average prices* This is equivalent to 15.5 pounds of copper and we may I 
hgure the nietalHc contents altogether as ecjual to Gl pounds of copper. Oil 
this basis the cost per pound of eojjper is 9 cents. 

j5 157S. Various Other Districts. — An example of mine conditions tmd I 
costs .Himilar to those of Butte is furnished on the other side of the worhl by 
the Wallaroo and Moonta mines of South Australia. The mining cost^ Art*| 
somewhat higher than those at BiKte because exploration is more extousivc,! 
hut in oXiwY respects the parallel with the great Montana camp m clo.sc and] 
interesting* 

The dressed are of Wallaroo has averagetl about 11%; that of Moonta iihoutj 
20' ,' in copjjei\ excepting that in later years it has been 2 or 3% lower. Fori 
a long time the vein stutT, as raised to surface, at both properties has contained] 
on the jiveragi' from 3 to 4^^ copper. 

The Moonta nniies are situated 12 and the Wallaroo mines 6 miles from| 
the smeltio^ point, Port Wallaroo. 

• The high cost for mining is easily explained. There are more than 80 milt«| 
of development openings, including shafts, drifts, etc. This work would prob-l 
ably cost at least S12 a foot. This accounts for $3 per ton of drcsse<l ore, or] 
appruxinuitely 75 cents per ton of vein stufT hoisted. The mines var>^ in depth 
fn^m 1,000 to 2,500 feet with an average of about 1,500 feet. The actual tJto- ' 
ping, including hoisting, pumping, etc,^ costs about $3.50 per ton. The groirnd 
is soft like that of Butte, proljably softer, re(|uiring close timbering as well 
as close filling. Sorting and milling in 1903 cost 75 cents at the Wallaroo 
and ill. 25 at the filoonta mines. 

The average cost of mining, concentrating, and smelting a ton of concen- 
trates is about $35 as shown by Tal)le 573 which gives the cost of the complete 
operations for of the last 10 years. 

TABLE 573. — COSTS OF OPERATION Al' WALLAROO AND MOONTA FOR SIX 



General CXI vn.'ie, 1.170,000 tons .. 
Mininfi find millmn, IJT^^.fNXl (ona 
SmdiiriK. 202, S^l* Ions , . . 

Tolal pt't Ion , 



Crude per 
Ton. 



2.37 



$8,^ 



Conreiitmc 
pet Too. 



$2.33 
23.81 



$34.0« 



General Considerations. 

§ 1579, We may divide copjier mines into three classes, each presenting 
a different economieal problem. L Di.sseminated ore8 in which concentration! 
is the all-impr>rtant tlu^ng, smelting being applied only to a fraction of thel 
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siaterial mined. II. Quartz-pyrite ores in fissure veins in which the ratio of 
concentration is low and the proportion smelted considerable, making the costs 
visually high. III. Ores that cannot be concentrated must be smelted in bulk. 

§ 1580. I. Disseminated Ores. — The first class contains the Lake Supe- 
rior copper ores in which native copper is disseminated, either in porphyry 
or in conglomerates derived from porphyries, in the proportion of from 1 to 
4%. The ores are concentrated in the mills (with 20% loss in milling) to from 
1 to 4.5% of their original volume. This is the proportion smelted. 

We have in this group also the disseminated porphyry ore of Bingham, 
Utah, containing 2% copper in the form of chalcocite. This ore concentrates with 
75% recovery into 4.5% of its original volume. The disseminated ore of Ely, 
Nevada, which concentrates into 12.5%; that of the Clifton-Morenci district 
in Arizona which concentrates into 15%; that of Nacozari, Mexico, which 
concentrates into 17%; the ore of the Miami Copper Company at Globe, Arizona, 
and the Braden copper mines of Chili, may all be included in this class. 

The cost of producing copper from these ores will average about 9 cents 
per pound delivered in New York. These ore^s now produce a third and will 
soon yield one-half the copper of North America, and they may be described as 
the most important, most profitable, and most promising source of copper. 

The salient facts regarding the cost of mining disseminated ores may be 
expressed in Table 574. 

TABLE 574. — COST OF MINING DISSEMINATED ORES. 



^-"«luSdcr^und ::::::::: 

Gincentrating 

Smelting, refining, and marketing 

Open pit 

Underground 



Low. 



10.50 
1.25 
0.40 
0.15 



$1.05 
1.80 



High. 



$2.50 
1.00 
1.30 



$4.80 



At the average price of 14 cents for copper, these figures mean that under 
the most favorable conditions a Lake Superior ore, if it could be mined from 
an open pit, might meet expenses with a yield of only 7.5 pounds of copper per 
ton. If mined underground about 13 pounds is the minimum; while under 
the most unfavorable conditions a yield of 34 pounds may be required. 

§1581. II. QUARTZ-PYRITES WITH LoW CONCENTRATION. CoUSpicUOUS 

examples of the quartz-pyrite ores are those of Butte, Wallaroo, and Moonta. 
Table 575 gives an idea of the relative costs for this class of copper producers. 

TABLE 575. COST OF PRODUCI.VG COPPER IN AUSTRALIA AND MONTANA. 



.Mining per ton 

Milling per ton 

Smelting, refining, ami marketing ix?r ton 
Ocneral expenses per ton 

Total awt per ton 



Australia. 

$4.68 
1.001 
2.37 
0.58 J 



$8.63 



Montana. 



$3.78 
4.62 



$8.40 



Applying to these costs the average price of 14 cents per pound for copper, 
it is evident that such ores must yield about 60 pounds of copper, or its equiva- 
lent, in order to pay expenses. The cost of production varies between 10 and 
15 cents per pound. 

Other mines working on ore belonging to this class are the old Dominion 
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nnd others on the gjeat fault fissure of Globo, Ariaona, and in part, at least, 
thoi5€? of Cauanea, Mexico. 

$ 1582, III. When all Ore MrsT be Smelted. — Copper mines having 
ores belonging to this class are those at Bisbee, Arizona; Tennessee Copper; 
Utah Consoh'dated ; ( 1 ran hy Consolidated; and Mount Lyell. To this list mi^t 
be added the Rio Ttntn pyriie mines of Spain and Portugal, the mineg of Shasta 
County in (California, United Verde in Arizona, Cerro de Pasco in Peru, siui 
others of less importance. 

Speiikint; generally it must be admitted that the mines of Class III pK»- 
duce a large proportion of the world's copper. The list of big protiucers in- 
cludes the Rio Tinto, the Copper Queen, Calumet and Arizona, Unite*! VefJp. 
and many other mines not so big but very profitable. Rio Tinto seems to 
produce the cheapest copper in the world, but it is believed to be due to the 
fact that sulphur is ali^o utilized to an important extent. Leaving out this 
ea«e, in which copper only costs 5 cents per pound, it does not seem probable 
that copper from these ore.s is produced at an average of less than 10 eent^ per 
pound. 

§ 1583. — Table 576 gives additional and comparative figures on the cofit 
of prf>dueing and marketing copper as obtained from various reliable sources. 
These figures chiefly apply to the costs during the years 1907 and 1908. In 
most cases they agree very w^ell with those previously given. 
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TABLE 576. — COST OF COPPER PRODUCTION. 



M.. 


Locality. 


Clan of Mine. 


Com of Cooper IB 
Genu per IVKUd 


C«tumei A: Hecia 

Mohawk 

Wol^Trioe . .. t ,,*.♦.- . 

Tamarack .. 4^.4^^.,. 

Baltic . . .*...* 

Ohamnion «i««««B>a« 


Michigan 

BiloDtaiia 

Nevada ".'.'.'/..'.'.".'.[[['. 
Utah 

Spain ...I!!*"!I!!!.*"^^ 


D«P 


&1S 

noQ 

9 01 
10 50 

moo 


AnaoondA •.«•.*•■»«•<. 


Boelon & Mntiuna , 


Butte C^iliibn 

Nevad* Cofi'volifiut<H 1 

Cumberland Etv 


open cut 1 

Deep- , 

Open cul , 


(075 
7.00 

V no 


Utjih Cofifitr I'o. ...♦..».,,.. 


BoHton Con'wihM:itf'>i ,....,...,... 






iriUtcd Vf nk 


DWD ...»»».. ., ,. . 


Tctiocjwcc - . . . * , 






Ri*! Tinio , .... X ..,.,. , 


Mount Li^U 


taimafilA 


D«p....::::::::;:: 




British Cdumbia 


1020 


Btirraica ■>...•.*...# 


.^ustnlda ►.-*,..*....... 


Great Cohar , , 


Mexico . . ! 1 ! ! ! ] ' ] 1 i ! * ' ! . 


M 


Koa 


Cffivmm ■ , . 


M 


10 fW 







Silver-Lead. 

5 158'1» CcEUR d'ALENE DISTRICT. — The externa! factors whieh affect 
mining in thf CuHjr d'Alene are the most favorable of the whole Rocky Moun- 
tain region. The altitude is moderate; the climate^ mild; timber and water- 
power are abundant and cheap. Transportation to con.suming centers is, 
however, expensive and wages arc high. Labor is efficient and abundant. 
The mines are generally deep, but are operated through adit tunnels which save 
hoisting and pumping t^xpenses, 

Tlie internal factors are favorable. The veins are typical fissures. The 
ore shoots are persistent and profound, with a thickness var^'ing from 8 to 
100 feet and a length varying from 100 to 1,000 feet. Single bodies have 
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iuced several million tons of ore*. The err, in the main, has to be concen- 
fatFfL Tlie proi>ortion shipped to the snieUers varies from a quarter to a 
enth of the amount mined. Of the proportion .shipped a roneidrrahte amount 
3 picked out by hand thither imderground or at the mill, the lower grades being 
loneentrated. In addition to the sorting of first-ela,s^ ore, there is still larger 
orting of \V4iste in the stopes. 

§ 1585. Pmdunng Mines. — The mines may he conveniently divided into 
wo groups; the Wardner anti the Caiion Creek, In Wanhier there i^ only 
»ne vein and two imp<rrtant mines; the Bunker Ilill and Sullivan, an iudepend- 
tnt conrern, and the I^ast Chance, owned by the Federal Mining and Smelting 
Jompany. The mining h done almost wholly by the filling method. 

The Bunker Hill mine in 20 years up to June 1, 1*J07, had produced as 
ihown in Table 577. 



kL£ 577. — PRODUCTION AND COSTS OF BUNKER HILL FOR LAST 20 YEARS. 



p 




Per Ton. 


row mined . ,..*.*.. 


3.3«8.!06 

134,375.206.00 

14.349, 03ft 00 

2O,12ti,:jm0O 

6, 8a;:. 24 4. 00 
3.100.000.00 




*rw* \Tilue . , .4*. ..,..,.....,..,.i,.t.,..,* 


iio^ts 


rrfinitiK, iind deducttofls. ♦. 


4.21 


1, >niinc , > .>«*..<.t.....<.i«. ..*.*....•«. «<■■.«<.. 


fi.M 




2.fiO 


tthff L^tsi^^ construction liliftftlion. explonlloOf etc* ..>*•*».«.**.*•.,. 


LOO 


rnfAl rfVLt It rmmximAtpl V 




$12,233,344.00 


$3.00 







It will be seen that these are pretty good costs, not essentially different 
from those of the Lake Superior region for the same kind of work as compari* 
ion with, for instance, Baltie, Trimountain, and Champion mines, will show. 

The ore shipped in l[MM>-07 was somewhat above the average in grade^ 
but it will serve as an illustration of the general problem of mining on the 
Wardner vein. Out of 336,630 tons mined, 87,010 tons were shipped to the 
smelters or I ton in 3.K4. The shipping product averaged 4r>.S3*,v If'ad and 
18,78 ounces silver per ton. Th** ore as mined assayed 13.329J lead and 5.89 
Dunces silver, the milling loss being estimated at 10.43 vv lead and 17.06% silver^ 
or 11.96% of the combined product. Without considering the high prices 
for the year in (piestion, but taking average priees of S02 a ton for lead and 60 
cents an ounce for silver, we find that this ore is giving the results shown in 
Table 579, while the costs per ton mined for the same period of time are given 
in detail in Table 578 for the year ending May 31, \W1 , and the maximum and 
minimum costs for the last 7 year's. 

TA^LE 578. — COSTS PER TON INCLUDING CONSTRUCTION WORK AT THE BUNKER 

HILL AND SULLIVAN MINE. 



t 



TrjmminK 



KUaKM ... 



T<iUl cocts per ton . 



Far Var Ending May 31, I1W?. 



Labor per 
Too. 



tno5 

O.I4« 
04M« 



Supplies 
per Ton. 



0.017 
0.10« 

0,Q26 
OJWS 



Toul per 

TiMJ. 



IL470 
0^0 
a.2ft5 
0.(1«5 
0.051 
OJ43 
0.044 
OOM 
0.253 



t2.437 



DuHng Last Seven Yewre 



Maximum 

Total per 

Ton, 




12.33 
OJO 
0.20 
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TABLE 579. — PROFITS PER TON ON BUNKER HILL OPERATIONS FOR 1906-07 AT 

AVERAGE PRICES. 



Full assay value 

Mill losses, say 12 percent 

Value leaving mine 

Mining, milling, and construction . . 

Freight and treatment 

Smelter deductions (losses to mine) 

Total costs 

Losses and deductions 

Total costs and deductions 

Average profit 



Lead per 
Ton. 



Silver per 
Too. 



$12.25 



$5.5S 



Total per 
Ton. 



$15.78 
1.89 

13.88 
2.43 
3.71 
3.08 
6.14 
4.97 

11.11 
4.67 



Property. 


Tons. 


Cost of 

Mining and 

MUling 

per Ton. 


Construc- 
tion per 
Ton. 


Total 
Ton. 


Freight and 
Treatment 
per Ton. 


Total Cost 
to Mine 
per Ton. 


Value to 

Mine per 

Ton. 


Prom 


Hecla 


402,000 $3.43 


$0.47 
0.15 
0.10 
0.15 

0.08 


$3.90 
3.06 
3.04 
2.11 
2.74 

$2.97 


$2.56 
2.37 
1.71 
2.51 
2.99 


$6.46 
5.43 
4.75 
4.62 
6.73 


$9.57 
7.29 
4.99 
5.42 
8.19 


$3.11 


Standard 


1,244.571 

4H8.<)75 
924.416 
670.1(>4 


2.91 
2.94 
1.96 
2.06 


l.^ti 


Tiger- Poorman 

Morning 

Lost Chance . 


0.24 
0.80 
2 4*) 






Total and averages . 


3.729,820 






$2.43 


$5.40 


$6.93 


Sl.GO 









The Canon Creek mines differ from the Wardner mines only in the shape 
of the ore bodies. Wages average 46 cents an hour, 4 cents higher than in ] 
Wardner. Details of cost are not given. The costs are higher than at the 
the Bunker Hill and Sullivan Mine, but the difference at the mine is explained 
by the factors, (1) higher wages, (2) a greater amount of hoisting and pump- 
ing, (3) a charge for railroad transportation from mines to mills, (4) a greater 
number of power and mining plants to maintain, and a higher power cost. 
In each case these factors are inherent to the problem and cannot be removed. 

Table 580 gives some cost figures free from smelter deductions when the 
prices of lead and silver averaged 4.6 and 59.2 cents respectively. 

TABLE 580. — COST AND VALUE OF ORE PER TON AT SIX WLNES FOR FIVE YEARS. 



Table 581 gives the estimated values of some of the chief items of expense 
at these properties. 

TABLE 581. — ESTIMATED AVERAGE VALUE OF CHIEF ITEMS. 



Smelter dctluctions. per ion $ 1.60 

(iros.s value of ort* Ijcforc millinR at New York quotations, per ton 10.64 

L<)S.s in milling. 20 jx^rcent, per ton 2.11 

Percent lca<l, Inrfore milling S.Wi 

Ounces silver per ton. Ix-forc millinK 4.33 

Cost to mine per jxmnd of lead at New York $0.0354 

Cost to mine per ounce of silver at New York 0.46 

Cost of lead in New York (actual cost) 0.0320 

Cost of silver in New York (actual cost) 0.42 



If these mines were all owned by the American Smelting and Refining Com- 
pany, and the cost of the whole process from mine to market were to be given, 
it would probably be something as shown in Table 582. 
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TABLE 582. — PROBABLEl TOTAL COSTS. 



1963 



Per Ton. 

Total value of ore per ton $8.00 

Cost of mining, milling;, and construction 2.90 ' 

Cost of smelting, refimng, and marketing 2.80 

Profit per ton 2.30 



Table 583 shows an interesting record for the Hercules mine, the tonnage 
being given in selected crude shipping-ore and concentrates. 

TABLE 583. — RESULTS AT THE HERCULES MINE. 
Tons Shipped, 56.440 



Current mining and milling cost . 

Construction 

Freight to smelter 

Treatment charges 



Total cost per ton 

Total value, free of deductions 
Profit per ton 



Per Ton. 



$10.38) 
13.641 
11.15) 
8.52) 



Per Ton. 



$24.02 
19.67 



$43.69 

82.09 

$39.00 



If the Hercules mined 1 ton of concentrates to 4 of crude ore its costs for 
5 years were as shown in Table 584. 

TABLE 584. — POSSIBLE COSTS AT THE HERCULES MINE FOR FIVE YEARS. 



Per Ton. 

Current operating, per ton $2.60 

Cost of plant 3.41 

Total per ton $0.01 



§ 158G. Cost of Smelting, Refining, and Marketing, — The average ore shipped 
carries about 46% lead and 23 ounces silver per ton. With lead and silver in 
New York at 4.60 cents per pound and 60 cents per ounce respectively, these 
average ores arc worth as follows: 

Lead. 920 pounds, at 4.6 cents $42.32 

SOver, 23 ounces, at 60 cents 13.80 

Total $56.12 

On this the smelters pay $45.95, deducting $10.17 for losses; in addition to 
which they charge about $16 for freight and treatment, making a total of 
$26.17 per ton. 

Table 585 gives the approximate cost of smelting Coeur d'Alene ores of aver- 
age grade. 



TABLE 585. APPROXIMATE COST OF SMELTING C(EUR D'aLENE ORE. 



Per Ton. 

Freight on ore to Denver at $8.00 per ton allowing for 6 percent moisture $ 8.48 

Freight, bullion to New York (40 percent of $6.40) 2.94 ♦ 

Refining bullion, lighterage, etc. (46 percent of $8.00) 3.68 • 

Losses (silver, 4 percent ; lead, 6 percent) 3.09 

Average smelting cost, including roasting 3.75 

Total smeltinjj cost $21.94 

The profit on this basis is about $4.43 per ton. 



* Together these two items amount to $6.62. It would appear that since 
being reduced to 12.5 percent and used as a carrier and collector, the ores si 
proportion in which they appear in the smelting charge. If this were done 
probt would be $9.25 instead of $4.43 per ton. 



ce these ores are siliceous, the lead in the dmrm 
should be charged for refining, etc., ooljr kk t^* 
le the $6.62 would become about $1.80 and * 



If the Bunker Hill and Sullivan Company belonged to the American Smelt- 
ing and Refining Company, the costs under these conditions would prubably 
be de<liiced about an sliown ui Table 586, 

TABLE 386. — POSSIBLE COSTS AT THE BUNKER HILL AND SULLIVAX PROPEMT- 



Assay value of crude ore mined per toa ............. 

M[U and ^^meitcr lotsea .,.,..,.,.♦ 

Net v^lvir rtiuvcrj ble ....,..♦. 

MiamK cusi . . , 

Smi-Uin^, rrfiiuiiK, and miirkctini one loo out ol 3.84 . 



Touil CMSts per too ,.., . . . 

Assunies ji charge far jfrneral expense aiid amortlxalion of «tnelier ol . 

Pro&t per ton... ,.,., 



Per Too. 



4 9t 



IVrT<A 



tm 

Ills 



t7,B4 
0^ 



»9 



jS 1587. BmmEN Hill DrnxRirr. — In thm district k located the Broken 
Hill Proprietary mine which is the greatest silver-lead producer in the world 
In 8 years this conipitny has produced 4,482^202 short tons of ore averaging 
9.95% lea<L 7.92 ounces silver, ami 0,008 ounce gold per ton. The cost for min- 
ing, concentrating, smelting, refining, marketing, general expenses, and d^ 
preciation has been about $9 per ton. In 1900 this figure was about $8.68. 

The costa at this mine are high, owing to unfavorable external factors. The 
climate is extremely arid, the country is a desert. Fuel, water, labor, and tran»- 
porlatiou are all expensive. The fuel, flux, and timber accounts per ton of 
ore handled are about twice as much sls in the Cceur d'Alenes. These figures 
indicate such a set of ctxternal factors as to explain %vhy it costs .^4.07 per ton 
for mining and concentrating at the Broken Hill against 83 or less in the CcBur 
d'Alenes. The internal factors for mhiiiig are good. 

On the smelting side we find that the proportion to be smelted is high* 
being 1 ton in 2.9, against 1 ton in 3.84 at the Bunker HilL The actual eo^ 
for smelting, refining, and marketing Broken Hill concentrates is S11J9 per 
ton smelted- Thi.^ includes freight on ores from the mine at Broken Hill, 
N. S. W.p to Port Pirie, which is $2, 12 per short ton. It does not include freight 
on bullion from Pojl Piric to market. These facts seem to permit of the com- 
parison, shown in Table 587, with American results on Coeur d'Alcne ores. 



TABLE 587. — SMELTING COSTS OF BFlOKE>f KILL AND CCEUR D'aLENE ORES. 



FrffKHl fK«n mme lo ameUer fifCKlecLing moistufe 

Kreighl, ftmeltcT to refinery ,,,.,,.... 

Smelling , , , 

Rfrminii ,,.,.,,., .,,...., 



Braketi UiU 
per Ton. 



1343 



».07 



Carurd*Ale« 

per Toa. 






We find that Broken Hill ores averaging 28,8% lead cost for actual smelting 1 
and refining S9.07 per ton against 3^7,43 per ton in the case of CcBur d' Aleue 
ores averaging 4^% lead. The freight in Aoierii'an practice perfoniis the triple 
function of bringing the ores nearer to bases of fuel supply, of bringing them ' 
in contact with other ores that can be profitably smelted in conjunction, audi 
of bringing them nearer the markets where they are to be fi^nally soUI. Although 
the Broken Hill Company iloe.s not pay freight on its ore beyond Port Pine, | 
it does pay fieiglit on its fuel and other smelting supplies to Port Pirie. 

Taking the average cost of working the Broken Hill ores at $9 per ton, and] 
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assuming that the products sell in the proportion of 3.15 cents per pound for 
lead and 60 cents per ounce of silver, we find that Broken Hill ores are worth 
$11 a ton, and that lead during the period reviewed has cost 2.78 cents per pound, 
silver 49 cents per ounce, and gold $18 per ounce. 

§ 1588. A Colorado District. — At a silver-lead property in Colorado, 
having ordinary and average Rdcky Mountain conditions to contend with, 
124,642 tons of ore were mined in the year ending July 31, 1907. The shipping 
grade amounted to 13,584 tons, while the concentrating grade amounted to 
111,05& tons. During the year 6,730 feet of dead work was performed. At 
this property machine drills are used resulting in a lower cost for labor per 
ton of ore mined than the average for the district, as there are no other machine 
drills. Square-set timbering in exceptionally heavy ground gives a higher 
timbering cost than the district averages. This company handles 2,500 gallons 
of water per minute, under a head of 775 feet, draining the whole district at 
a cost of $5,000 to $6,000 per month. Other mines in the district have little 
or no pumping charges. Aside from these exceptions Table 588 represents the 
average costs of the district. 

TABLE 588. — AVERAGE COSTS OP A COLORADO SILVER-LEAD PROPERTY. 



Ubor 
per Ton. 



Supplies 
per Ton. 



Total per 
Ton. 



fPoiwkr 

M in i ng { 

I Other supplies 

Timbering, hsduding square setting 
Tramming 



10.46 



10.12 



0.17 
0.48 



0.03 
0.30 



10.61 



0.47 
0.48 



Total direct cost 

Development 

Mine repairs, re-timbering, re-drifting, ventilating, etc. 
Cribs . 



$1.11 



10.45 



Power, electricity for light and power, hoists, compressors, track, tools, driUs, smithy, 

boilers, pumps, pans, and fuel 

Miscellaneous 



$1.56 
0.25 
0.40 
0.04 

1.05 
0.44 



Total direct and general cost 



$3.74 



Timber costs $17 per thousand, framed. Powder, containing 35% gelatine 
and dynamite, costs 14.5 cents per pound. 

Table 589 shows the average milling costs per ton for the district. 

TABLE 589. — AVERAGE MILLING COSTS PER TON FOR A COLORADO SILVER-LEAD 

DISTRICT. 



Per Ton. 

Repairs $0.11 

Electricity (power and light) 0.07 

Labor 0.42 

Supplies 0.03 

Total raiUling $0.63 

Total mining 3.74 

Grand total $4.37 



The average wage scale per 8-hour shift during this period was as follows: 



Hoisting, engineers, and tool sharpeners . 
Pumpmen, cnaii 
Head foreman . 



ain gang, machine men, and timbermen 



Pump 

Head 

Fireman helper, machine helpers, cagemen, and blacksmith helper 

Master mechanic 

Blacksmith ^ 

Carpenters $3.43 to 

Shilt-boases 

Miners, muckers, and trammers 

Foreman $200.00 per month 



$3.68 
3.43 
3.19 
2.94 
5.94 
4.44 
4.44 
4.19 
2.60 
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§ 1589. Utah District. — In this important district there are, (1) ore 
deposits in fault fissures, and (2) replacements in limestone overlaid by 200 
feet of quartzitc. The only mine successfully working on a fault fissure depoelt 
was the Ontario, which was practically worked out many years ago. Sina 
1893 most of the ore has come from the limestone deposits. Of these the prin- 
cipal mines arc the Daly-West, Daly-Judge, and the Silver King, all of whiA 
are very similar. The ore bodies usually have a pitch of between 5® and lo^ 
from the horizontal and arc from 50 to 200 feet wide and from 3 to 30 feet 
thick. 

§ 1590. Costs at Park Ciiij Mines. — As depth is reached the lead, silver, 
and gold valu(?s generally diminish and ainc values predominate. A great 
deal of gangue occurs in the ore and must be sorted out. From one-third to 
one-half of the ore mined is of shipping grade. Exploration and development 
are expensive owing to the dip and mequality of the ore bodies. Their intenal 
factors make the costs high. 

The external factors are about the average for the Rocky Mountain region. 

Table 590 gives the Daly- West production for 7 years. 

TABLE 590. — DALY-WEST PRODUCTION FOR SEVEN TEARS. 



Tons. 

Crude ore shipped direct 224.418 

Ore miUed 489,415 

Total 713,883 

Concentrates shipped 07.634 

Total shipments 322.052.00 

Lead, 73,942 tons, at $92.00 $6,802,664.00 

Silver, 17,167,000 ounces, at 57 cents 9,785,190.00 

Gold. 13.847 ounces, at $20.67 286.217.49 

Copper, 12,164,000 pounds, at 15 cento 1.824.IS00.00 

Total value at $58.06 per ton $18,698,671.49 

Freight, treatment. and <le<lucti«>ns $8,327,000.00 - $25.86 per ton. 
Cost of mining and milling 13.72 " " 

Total cost $39.58 per ton 

Profit per t«)n shipi)ed $18.48 " " 



Table 591 gives the avcrtigo results por ton mined in 7 years. 

TABLE .'SOI. — RESULTS PER TON MINED. 



Per Ton. 

Average value $28.40 

C<»st of mining and milling 6.26 

Milling lijsses, average 8 perct-nt* 2.27 

Frc-ight, smelting, rciining, and detluclions Il.ti6 

Total cost $20.19 

Profit per ton mined 8.21 



♦ During the last seven ye:irs the reported average saving.s havelieen 96.10 percent of the lead and 71.17 percent of the 
silver. The lead a.ssays must have been made by tire or there must have been errors in sampling and weighing. Figuring 
that the mill averages to save 75 percent of the silver and lead the total mill losses would be about 8 percent of the entire 
product. 

Tablo r)92 ^ivos a summan^ of the costs at the Daly- West mine from h}O0 
to 1906 inclusive. 
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TABLE 592. — SUMMARY OP DALY-WEST COSTS FOR SEVEN YEARS. 



General expense 

Exploration and development 

Mining 

(Per ton milled) 

MiUing 

Shipping and selling 

Construction 

Total 



Per Ton of Ore 
Mined and MUled. 



10.42 
0.60 
3.38 

(1.36) 
1.00 
0.56 
0.30 



$6.26 



Per Ton of Ore 

and Concentrates 

Shipped. 



10.92 
1.31 
7.40 



2.19 
1.24 
0.06 



$13.72 



Costs during 1907 at the Daly-Judge mine were lower than the average. 
'able 593 gives the costs for 6 years at this property, during which time the 
roperty was shut down 2 years for development work. Development work 
1 the whole period has averaged $1.50 per ton. 

ABLE 593. — SIX years' OPERATIONS AT THE DALY-JUDGE MINE (213,000 tOns). 



Per Ton. 

Smelting, refining, marketing, and deductions per ton $8.66 

Mining and milling costs 7.27 

Probable mill losses 3.00 

Total costs and losses 18.93 

Profit per ton 1.00 

Total value per ton of ore as mined $19.93 



Table 594 gives details of cost at the Daly-Judge in 1907. 

TABLE 594. — DETAILS OF COST AT DALY-JUDGE MINE FOR 1907. 



Per Ton. 

Mining $3.03 

Exploration and development 0.40 

Concentrating 0.96 

Shipping and selling 0.33 

General expense 0.53 

Construction 0.21 

Total per ton $5.45 



The Silver King does not publish its reports, but its costs are approximately 
^9.40 per ton mined and milled and $15.50 per ton of selected ore and concen- 
trates shipped. 

It is probable that considerable profits are derived by the smelting, for ex- 
Eimple, on Daly-West shipments. These ores have averaged about 25% in 
lead and copper with a gross value of $58.06 a ton on average prices. 

Table 595 gives the estimated probable cost of smelting these ores and the 
profit to the smelter. 
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TABLE 595. — PROEAHI^ BIfELTER COSTS. 



Per Too. fnXm. 



amdung, reuning, raarketins, nod loases havv &vefm||ed , . . , . . 
Actual losB in smdliiig* 5 pcrcmt of total v«lue ,..«.... 

ReniAJaing ,......,....,. ..,,..,,,...,,. 

Freisht on SOO pound* of bullioR to New York M flA.OO per U») 
Refoiinit 500 pounds at bulUon nt $7.00 prr ton . 

Kerooiiuiig . . . , 

Actual cv«t of stiielliiiK, prr |on« aUouI «.......•«......«. 

Amcrti ration, taxa, ^neml cxiienscv eit,, pcrlia|.ii » . . » 

Remaining . . . , 

Actual o»l 

Acttial cost induding luaus , 



(»5a.00) 



f4.00 

i.:s 



tail 

ui 



250 
2M 



$1075 
$IS06 



ISA 
' i3 



imi 



I 



Ai?8uming the above figures to be true and that 1 ton of ore is ^ihippedforl 
every 2/2 tons mimKl we have the following actual costs: 

Per Too. 

Mining, milling, and all corIa to mining company $6.20 

Snu'ltiug. refmiag, und nturkding -....*.. ^ ,*.*.».«*.,.... &.S5 

T«ma1 ctist ijct ton mined . . , .$ll.fll 

Since the mill losses must be estimated at not less than 10% on low-grad* 
ores ami the snieltiiig losses at 5^^ moix% the actual costs can only be 85% of 
the origiiiul value. In round numbi^rs, therefore', an ore in Piu'k City must 
be worth S14 a ton before there ran be any profit in it for anybody. At ave^ 
age prices this figures about 10% li:atl and 8 ounces silver per ton. 

Lead-Zinc, 

J 1591. Missouri Districf. — Missouri is second in the list of states in 
the production of lead ores, and first in that of zinc ores. The mining is eon- 
fined to two districts, the Southeiust and the Southwest. The Southeast di5- 
trict pruduees ores from which, in round numbers, IO0,(J<30 tons of pig lead un? 
smel!e<i yearly; from the ores t>f the Southwest or Joplln field the product is 
25, iM) tons of lead and 140,(KHJ tons of spelter. 

in both fiehls the exteriiitl conditions are favorable. Mining is conductcil 
in the midst of the great agricultural regions of the Mississippi Valley, where 
the cost of living is low, labor abundunt, fuel and transportation cheap, and i 
markets close at hand. The internal factors are also fiivorable to low co^ts. J 
The depths reachetl are not great ^ the ore bodies are fairly large. In Scmth- ■ 
east Missouri the ore bodies are persistent, though somewhat irregular, while 1 
those of the Jo[>lin field are not only irregidar but non-persistent. In both 
districts, howevt^r, exploration by drifting provides against underground per- J 
plexities. In both fields also, the ores are favorable for water concentration. ■ 

§ 1592. Southeast Missouri Lead. — Mining in Southeast Missouri is ■ 
based on ore botlies that carry an average of about 5% in metallic lead, or a 
little more. The galena is sprinkled through limestone and the ore is called 
disseminated; although usually most of the lead is confined to rich streaks. 
The ore concentrates well and can be turned into a 65 to 709c product, ^nth 
a saving of 80%. Commercially speaking, therefore, the ore yields about 4% 
net lead. 

The formation lies a[3proximately flat, though grades of from 3 to 10*^, are 
not unt^ommon. The problem of blocking ore out ahead has resolved itself 
entirely into diamond drilling from the sui*face. This varies in difficulty accord- 
ing to the dej>t]i, which varies throughout the district from 300 to 800 feet. 
Holes are put * — about 200 feet apart, an<l if ore is found in considerable 
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amount in 15 or 20 holes, enough is blocked out to justify sinking a shaft. 
Even where ground is most carefully drilled, the actual mining shows from 
20 to 100% more lead ore than the drilling would indicate. Where drilling 
could be done 10 years ago for 40 to 50 cents a foot, in 1907 it cost from $1 to 
$1.25 per foot. In the deeper workings the cost averages as high as $1.50 per 
foot. 

§ 1593. Extent of the District. — Around Flat River, Bonne Terre, and Iron- 
dale, we find a triangular area containing about 60 square miles, or 38,000 
acres. This area is now producing metallic lead at the rate of about 90,000 
tons a year. The output doubled between 1901 and 1907. 

At Doe Run, Mine La Motte, and Fredericktown are also important ore 
deposits. At Fredericktown the North American mine has opened up consider- 
able ore carrying 5% copper and 2.5% in nickel and cobalt. Everything 
indicates that there are possibilities of extension in copper mining in that 
neighborhood. 

§ 1594. Problem of Mining. — The most difficult part of actual mining is 
the preliminary exploration by drilling. The stoping is very simple. No 
timbers are used. Round pillars of ore are left containing from 10 to 15% of 
the ore. Underground diamond drilling is necessary in some mines to prospect 
ahead for water channels. Some shafts make from 1,300 to 1,500 gallons of 
water per minute. The usual output from each shaft is about 300 tons a day. 

The most economical power equipment used in the district is at the plant 
of the St. Louis Smelting and Refining Company. Here a central steam plant 
operates a compressor and an electric generating plant. The mill, hoists, and 
pumps are operated by electricity. Electric trams are used to haul the ore 
from various shafts to the mill. 

The cost of mining, hoisting, and pumping is from $1 to $1.50 per ton. 
To this may be added 10 cents a ton for drill prospecting, and about 10 cents 
a ton for hauling the ore to the mill. The total cost of ore is, therefore, from 
$1.20 to $1.70 per ton at the mill. 

§ 1595. The Probleyn of Milling. — The cost of milling in a 1,000-ton plant 
is from 30 to 75 cents a ton. The cost of a concentrating mill, together with 
a power plant for the mines, may be estimated at $500,000 for 1,000 tons ca- 
pacity. The new plant, built by the Federal Lead Company, is expected to 
handle about 2,400 tons a day. It is built of steel and concrete, has a large 
air-compressing and electric plant, and elaborate crushing and sampling arrange- 
ments. It cost $900,000. 

§ 1596. The Problem of Smelting. — Smelting may be considered either on a 
custom or an operating basis. The ore leaves the mill in the shape of concen- 
trates carrying 70% lead and 5% moisture. Freight to East St. Louis is about 
$1.50 per dry ton. This ore may be sold to custom smelters, who will pay for 
90% of the lead at current quotations, and charge from $6 to $8 per ton smelt- 
ing charges. On this basis, the cost of freight and treatment figures as shown 
in Table 596. 

TABLE 596. COST OP FREIGHT AND TREATMENT. 





Lead 
4 Cents. 
Per Ton. 


Uad 
5 Cents. 
Per Ton. 


Lead 
6 Cents. 
Per Ton. 


Freight 


$1.50 
7.00 
5.60 

$14.10 


$1.50 
7.00 
7.00 


$1.50 
7.00 
8.40 


Treatment sav 


Deduction 10 percent, 140 pounds 


Total 


$15.50 


$16.90 
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On an operating basis the cost is about $6 per ton and the loss, with the 
best practice, 3%. Table 597 gives the costs per ton which would be made 
in operating a plant handling say 3,000 to 4,000 tons a month. 

TABLE 597. — COST PER TON OF OPERATING A LARGE SMELTER. 





Lead 
4 Cents. 


Lead 
5CenU. 


Le«d 
6 Cents. 


Freight and treatment 


$7.60 
1.68 


$7.50 
2.10 


$7.50 
2.52 


Deductions 3 percent, 42 pounds 


Total 


$9.18 


$9.60 


$10.02 





On average prices there would be a saving of about (5.50 per ton of concen- 
trates in operating a smelter. 

The cost of the whole operation thus far may be figured as shown in Table 
598. 

TABLE 598. — COSTS OP MINING AND MILLING PER TON. 



Prospecting $0.10 to $0.10 

Development by shafts 0.16 to $0.15 

Mining 1.00 to liSO 

Transfer to mill *. 0.10 to 0.10 

MiUing 0.80 to 0.75 

General expense 0.10 to 0.26 

Crude ore costs per ton $1.75 to $2.86 



These figures represent the two extremes, that is, those obtained under 
the most favorable and most unfavorable surroundings and condition. 

Tables 599 and 600 give figures which follow out these two sets of conditions 
through the smelter to the production of pig lead from various grades of ore; 
lead being assumed at 5 cents per pound. 



TABLE 599. MINING AND MILLING COST, $1.75. EXTRACTION 75 PERCENT. 



With 4 percent ore 
With fi percent ore 
With 8 percent ore 
With 10 percent ore 



Yield in 

Concentrates. 

Percent. 



4.3 

0.4 
8.0 
10.8 



Smelting Cost. 



$0.41 
0.61 
0.83 
1.04 



Total Cost. 



$2.16 
2.36 
2.58 
2.79 



Cost per Pound 
uf Lead in 
Cents. 



3.60 
2.62 
2.15 



TABLE 600. — MINING AND MILLING COST, $2.86. EXTRACTION 85 PERCENT. 



W'ith 4 percent ore 
W'iih jKTcent ore 
W[ith 8 percent ore 
With 10 percent ore 



Yield in 

Concentrates. 

Percent. 



4.86 
7.29 
9.70 
12.14 



Smelting Cost. 



$0.47 
0.70 
0.93 
1.17 



Total Cost. 



$3.33 
3.56 
3.79 
4.03 



Cost per PoaoA 

of Lead in 

Cents. 



4.90 
3.49 
2.79 
2.37 



Table 601 gives the total cost per pound of lead if all costs remain the same 
except milling. 



1598 



GENERAL IDEAS ON MILLING. 

TABLE 601.^ TOTAL COST PER FOUND OF LEAD. 



1971 





I. Sivitut 

75 Percent Lead, 

Cenis. 


2. Saving 
CcntA. 


With 4 percent ore ,.,.,.. ,,....... 


3,«0 
2.62 
2J5 
IM 


3.99 

2,84 
2,30 


Wth 6 pcTcmt ore *.«... .' 


With 8 fW-Tcent ^ ......*... . 


With to fcrctnt ore ,-,.«-.*.,. *-.. 





It appears that on any ore likely to be mined in the Flat River district, 
pheap milling is essential toeeonomy; and that it will not pay to increase costs 
the extent of even 45 cents a ton in order to obtain 10 points additional 
ecovery. 

J 1597. Flat River, — The average cost of producing pig lead for the St. 
>uis market from this field j^eems to be from 3 to *'?,25 cents per pound. In 
the years following the panic of 18[Ki, these properties produeecl pig lead with- 
out losij at less than 2.6 cents per pound; but fUiring the boom period of 1906 
F07, it is doubtful if any of the mines were producing it for less than 4.0 centa 
Table 602 gives in detail the costs under the best anri worst conditions for 
mining and mdling in the Flat River district. The average total mining cos^^ 
is nearer $1.30 than $1.86, and some mines average even less than $1,30 per 



FABLE 602. — MAXIMUM AND MINIMUM COSTS IN THE FLAT RIVER DISTRICT* 



C416I \itT Trm. 
Minimum. Maximitm. 

Labor lO.ffTO to |L190 

Cod 1.1111 iiir duriie ; 0.120 to 0.290 

BUsUnf O.ORfi i.^ *>J20 

Sup^ltt 0,032 In O.06fl 

Repair* O.OJMi lo OJ47 

Sundry charia , - O.OH ta 0.042 

ToUlraiiuftf |L30i5 flitM 

Uhor.,.., .....,,.$0,078 to $0100 

Supplies .,. 0,024 tn OOSfl 

Water 0(102 to ©010 

Crashing , , * 0.017 to © 040 

Mainien«fic« - 0.02 1 ttj 0.039 

Other departineols 0,022 to 0.02Jli 

Chemist 0.DK3 to 0.085 

MiscdLanemis OM I to 0,001 

Total mllUiit 10.248 SO 330 
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S 1598. The Southwest Missouri Zinc District. — This district produces 
60% of the spelter of the United States, and therefore hears nearly tlic same 
relation to the zinc business as Lake tSupertor mines hear to the iron business 
of the country. The JopHn field covers perhaps 2, (KM) square nules with opera- 
tions principally centraliKefi about Webb City anri Joplin. Missouri, and Galena, 
Kansas. The Webb City zone proiluces about one-half the output of the entire 
field and it is this zone which will be described here. This productive area 
extends from Oronogo on the northwest to Porto Rico and Duenweg on the 
southeast, a distance of 10 miles with an average width of perhaps three-quart el's 
of a mile. This area of production is estimated at 4.S<K) acres. The total 
production of this zone has been approximately 3,000,000 tons of zinc and lead 
ore, derived from mining ami milling 75.000.000 tons of rock. This represents 
a value, under average prices, of about $90,000,000. 
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Practically all of the succesisfiil sheet-ground mining to date has been eoor 
fined to the Webb City zone. It is generally believed that the sheet gmtiod 
yieldij iibout 3% of the roek niineil in zinc or lead ore. The xinc ore obiampd 
averag*-\s not far from W% zinc; the Ic^ad ore about S0% lead. The ore h 
obtained by crufe^hing and washing in concentrating miUs^ which save apprwri- 
mately 60% of the zinc an<l 90% of the lead actually contained in the rocL 
The total saving approximates 66Ji7%. 

§ VA>9. Exploration. — Pnicticaliy the only method now employed in 
searching for ore in churn drilling. An expi-rlencefl driller, if he finib a little 
ore and open ground, will place his follownig holes not over 50 ftx^t from the 
first until he diHcovc^-s pay ore. Since the flriUing costs an average of 80 lo 
90 centrt a foot and the holes will average al>out 175 feet deep, we may plare 
the cost f>f exploration at about $500 per acre. 

In sheet ground no such amount of drilling m necessary. B<*cause of Ihe 
uniformity of such depot^its, ex[>loratory holes, about 200 feet deep, are often 
only drilled, one hole in two acres. The cost of each hole will approximate 
$2f>0, therefore to explore this kind of grounil the probable cost is less thaa 
$100 pej' acre. 

g 1(300. Mining Methods, — As the extreme depth is only 250 feet and the 
average depth in mining perhaps less than 175 feel, a single-compartment shaft 
can be suidc very cheaply unk-ss t lie re happens to be an excessive amount of 
water. The average shaft in the Jopliii district probably does not cost over 
$4,000. It is also cheaper to open up the ground by numerous shafts and 
tram on the surface rather than by underground methods. This results in 
having several shafts supply one mil! with ore by means of inclined sm'fare 
tramways. 

The ore is shoveled into buckets called '^cans" which hold about SOO pounds 
each and are elevated by being hooked to a cable wire. In this manner it is 
possible* to average 4(M) cans pei' shift or KK) tons. Only two men are employed 
whose combined wages are approximately $5 per day. The hoist itself co§t« 
$250. The ilerrick in which the hoisting is done, together witli the ore hia, 
costs $500 more. The method is very cheap as the actual cost is probably 
not over 5 cents per ton hoisted. 

In the upper ground the ore is taken from large irrc^gular chambers and in 
the sheet ground from flat <^leposits from 8 to 20 feet thick that are as regular 
over consideralile areas as a seam of coal. 

§1601. Milltntj Mtihods. — The Joplin mills confessedly only extract 
about 00' (, of the zinc ore. The proportion varies greatly at different nmies, 
due to the difference in the character of the ore. The mills are suited to save 
only the free ore, which can be etisily separated from the gaugue by rather 
coarse crushing. 

The ordinary mill costs from S 10,000 to $20,000 and has a capacity of about 
15 tons an hour. The largest mills in the district have cost about S50,000 and 
have a capacity of 35 tons an hour. 

g 1002. Losses in Mininfj. — Lf^t us take 100 tons of ore containing 59c 
of metallic zinc in the ground and Table 603 gives an approximate average 
statement of the costs and losses. 
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TABLE 603. — COSTS AND LOSSES ON ZINC ORE. 



Costs. 



Losses. 



Total. 



Spelter value of 100 tons of 5 percent ore at 5 cents, St. Louis 

Logs in mining, 10 percent 

Mining, 90 tons at $1.05 

Lobs in milling, 40 percent 

Milling, 90 tons at $0.25 

Lobs in smelting, 12 percent 

Smelting and amortization 

Transportation 



$94.50 
"22.60" 



54.00 
9.15 



Total. 



$180.15 



$50.00 

iso.bb* ' 



32.40 



$262.40 



$500.00 



$57.45 



This shows a recovery by mining of $450; by milling, of $270; by smelting, of 
$237.60. The approximate costs are 36.1% of the total value, the losses 52.5%, 
and the profit 11.4%. The profit on recovered value is 24.2%. 

§ 1603. Joplin Cost Statements. — Table 604 gives a statement of mining 
costs, at the Grace Zinc Company which probably gives a fair idea of the aver- 
age costs for mining and milling in the Joplin district. Between April 1, 1905, 
and January 1, 1908, the Grace Zinc Company hoisted 390,346 cans repre- 
senting 121,291 tons milled, and saved, 5,307 tons. This figure of 121,291 
tons is based on the tonnage content of cars holding from 1.5 to 2.5 tons in which 
the ore is hoisted to the mill. A considerable amount is rejected as waste. 
Most cans are assumed to hold 1,000 pounds while they actually hold from 
800 to 900 pounds. If we were to assume that the cans in this case contained 
800 pounds each, our tonnage would be roughly 156,000, and the costs, instead 
of totaling $1.41, would be reduced to $1.10. If the cans were estimated at 
900 pounds each the tonnage estimate would be about 175,000 and the cost 
would fall to 98 cents. 



TABLE 604, — MINING COSTS — GRACE ZINC COMPANY APRIL 1, 1905, TO 

JANUARY 1, 1908. 



Breaking ore . . . 

Tramming 

Hobting 

Pumping 

Exploring 

Timbering 

Milling 

General expense 
Conslructioa 



Total 



Per Ton of 
Dirt. 



$0.40 
0.21 
0.15 
0.10 
0.09 



0.23 
0.15 
0.08 



$1.41 



Per Ton of 
Concentrates. 



$9.03 
4.85 
3.32 
2.27 
2.10 
0.09 
5.33 
3.56 
1.74 



$32.29 



This makes a total cost of $171,364.75. The net value of the ore was 
$221,230.21, after a royalty of $38,957.55 had been paid, thus leaving a net 
profit of $49,865.46. Figuring that $3,000 a year m addition to the costs 
given would be an ample return on the actual plant investment, this, in Table 
604, would amount to less than $8,000 and would increase the total costs per 
ton of dirt to $1.48, and per ton of concentrates to $33.79. 

Assuming the last figure to represent the true mining and milling cost, 
and that concentrates containing 60% zinc are smelted at a cost of $14 a ton 
with a loss of 12%^ we find that 1,056 pounds spelter costs $47.79 or 4.53 cents 
per pound, which is believed to be a fair average cost of producing spelter. 
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GENERALIZATIONS ON LEAD MtNING. 1 

5 1604. On economic grouncis wc may divitle lead ores into three group: 
(1) Disseminated sulphklc ores that ean be concentrated in high ratio; (2) .«ul- 
phide8 from fis^sure veina, almost invariably carn^'ing silver, oft<*n gold and cop- 
per, and concentrating in a moderate ratio; (3) carbonates and rich bunchai 
of sulphides which will not concentrate except by hand sorting. ? 

1. In the first class fall the Missouri lead ores. The problem of nuniu^ 
here, and the costs, are closely parallel to those of the Lake Superior coppfT 
mines. In both eases the costs for mining, niilling, and smelting will fall be- 
tween $2 and S^l per ton milled. The disseminated lead ores contain about thfw 
times as much lead as the Lake Superior copper ores do of copper, and (be 
price of lead is one-third the price of copper. • 

2. The examples of the Coeur d'Alene and of Broken Ilill in Austrsdii^ 
afford a close approximation to the problem of copper mining at Butte. In 
both cases mining is rather expensive, owing to the requirementt* of e^tenave 
exploration, expensive timbering and filling ^ and some selection of ores. T' 
proportion smelterl is lower in the case of lead mines, hut on the other h 
the concentrates are much richer, imposing higher charges for freight .i . 
refining of bullion. In the Coeur d'Alene mines a rough average is 0.5% k.i 1 
and 3.5 ounces silver. This may be approximated as equal to 174 poun<b 
lead per ton. The Broken Hil! ores average 9.9% lead, 5.5 ounces silver, and 
0.005 ounce gold, e(^uivalent to 272 pounds lead per short ton. These figures 
may be compared with the equivalent of 87 pounds copper per ton, the average 
of Butte oreB for 13 year's. 

In tlie ease of the Cceur d'Alene the actual raining, millings and smelting 
costs have been computed at )§570 per ton, and at Broken Hill $9 per ton, 
the difference being mainly in the degree of concentration. The cost of lead 
is about the same in both places. Here again we note that the lead oceura 
in the ores in about thj*ee times the quantity of copper in Butte ores, costs one 
third as much, and sells for less than one-thinl the price. 

3. Xo clean-cut example of the third class of lea<l ores has been given, hut 
the Park City mines serve as a partial example. The mines of Tintie, Utah; 
Eureka, Nevada; St a. Eulalia, in Mexico; Ix'adville and Aspen, Colonido, 
and many others belong to this type. Undoubtedly the costs are high. Hand- 
picke^l ores in the Cceur d'Alene and Park City cost for mining from $10 to 
$15 per ton. Smelting costs are correspondingly high. Such ores are \pry 
seldom mined for lead alone; the values in silver anc! gold are very often much 
higher than for lead. Undoubterlly, on the average, the costs are nearly pro- 
portionate to the values. For ores of this class the cost of exploration is in- 
evitably high. Most hand-selected non-eon rent rating lead ores cost for mining 
and nuirketiiig an average of $30 per ton, while some go as low as $20 per Ion* 

Gold. 

telluridb ore. 

§1605. Cripple Creek District, Colorado. — All ores shipped from 
Cripple Creek are concentrates produced by hand sorting, which is equivident 
to milling in other camps, and the amount of development work necessary to 
find the oit-s is probably 50 or 100 times greater than in the Lake Superior 
copper and iron mines. 

The ore is of medium hardness. Wages average $3.40 for 8 hours. CoaJ 
costs about $4.60 per ton, and timber averages $20 per thousand. 

At the larger properties of Cripple Creek the cost of mining and sorting the 
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total product of ore and waste is from $2.50 to $3.50 per ton, this rost covering 
all the expenses of the companies. 

The following figures are the costs for one month at one of the largest prop- 
erties: During the month 18.910 tons of rock were mined from 40 different 
and separate stopes at a cost of S2.07 per ton, or 139,123.70. The following 
development work was performed in addition to the st oping; 2,237 feet of 
drifts, cross-cuts, winzes, and raises in 40 different headings, at an average of 
$6.98, or $15,612.93. Ore sorting and loiuHng cost :8!S,999.98. This makes 
a total of $(i3,7'^6-^l' 'T'he total amount of rock hoistefl, both from stopes 
and development work, was 21,931 tons, at $2,56, which was reduced by sort- 
ing to 7,093 tons of shipping ore, at Ss.99. 

The Portland mine has small rnv Ik k lies which are more or less scattered 
aiui reijuire for exploitation a large amount of development work, performed, 
to a consitlerable extent , at random. Table 605 gives the work performed and 
the costs at this property. 

TABLE 605. — RESULTS AND COSTS AT THE PORTLAND MINE, 



TOTO, 

Ton* per 2.25-inch ftiiichinc drill m all stapes ...,..,, ,..-., .,,. 12.4 

Toi» in wide sinpc* (onr man miwhine*) , ♦.,.*.*. 17,7 

Ton*, per machine in 4ni{& , . 6.3 

Ton** per fool in drifis .,..,... ^ ... * , 3,& 

Labor cikI on ore broken in larac ttopes r* .,*.».,*., . |n.32fi per tnn. 

Labor cnsl on orr hmken in dittis ........,...-.,.,,.,,,...-.. 0.750 per ton. 

Labor oosl for macbine (IriUinK in drifts .,,,,. L8fi0 per fof>l . 



The small drills used are light enough to be operated In- one man, who is 
paid $4 per shift. Tramming eosts almut 20 rentw per ton, whirh in nearly as 
cheap as it ran be dont' in the dii?triet. Timbering eo?it?>, on an average, 50 
cents per ton, an*l sorting, which 18 equivalent to milling or roneentmting in 
other plaees, eosis aliout 50 eent« per ton. The hittt^r high figures are justified 
by the internal conditions. The expense of hoisting i.s high, 22 cents per ton, 
due to the poor design of Cripple Creek hoisting plants. 



QUARTE-PVRITE GOLD DEPOSITS. 

§ 160G. Included in the class of quartz-py rites mines are all of the prop- 
erties of the Witwatersrand in the Transvaah in fact all the golrl mines of South 
Africa, nearly idl the mines in Eastern Australia, those of the Kr»Iar district in 
India, of El Oro in Mexico, of California, Nevada, and Douglas Island, Ahiska. 
In general, these ores are a light-colored or whitish rpiartz containing from 
0.25 to lO.O*"; of iron pyrite, and other sulphides in varying but iisuall}' sul>* 
sidiar)^ amounts. Deposits of this kind have provetl to be extensive, often 
persistent to great depths, and are worked on a large scale. 

§1607. D0UGLA8 Island District, Alaska. — The group of mines on 
Douglas Island, Alaska, known as the Tread well, Mexican, and Ready Bullion, 
furnish ore for 7S0 stamps at the rate of J;20()/K>n tons a year. This work 
with good rea.Hon stands at the heail of the list ^tf qu art z-py rite operations, 
funii.shing an example of the simplest metallurgical problem, the lowest costs, 
and perhaps the best management to be fouml in this class of mining. 

The largest of these ore bodies is the Treadwell, which is 400 feet wide by] 
1,000 long. The Mt^xican and Ready Bullion ore bodies are approximately 20J 
fet't thick and from 500 to 1,000 feet long. These ore bodies are situated neaf^ 
a good harbor with the mo.st convenient and cheapest method of transporting 
coal, timber, and other supplies. Auriferous iron-pyritc concentrates are shippr 
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800 miles to th<» Tacoma smelter at a cost of $1 J2 per ton. The r!iiim<*, 
though rainy, i.s mild and pleasant, corresponding to thnt of Scotland or S 
Norway. Labor, although costing 32 cents per hour, owing to its <] 
is really cheap. In addition to these advantages aa abundance of water-po*cf 
is avaihible. Little pumping is necessary in the mines. These external fw- 
tors are so favorable i)^ to be, perhaps, unrivaled. 

§ 1608. Internal Furlors. — The intenml factors are also exceptional. The 
ore bodies are large and firm and stantl nearly vertical between solid walk. 
The metallurgical problem is the simplest. 

The following conditions are thus encountered: Several million toDB of 
ore favorably situated for cheap handling, but containing less than ?3 per [on 
In order to make any profit cheap methods of mining and milling are requin>i 

About 75^/;, of the ore can be nn'ned witliout timbers from large chanibere 
kept full of broken ore, only enough being drawn off at the bottom to affoiti 
room for the ininei's at the top. In the widest deposits this proeesa eosU $1 
per ton, and in the narrow^er bodies SI. 20 per ton, 3.75-inch machine drills, 
using 2.1") times as much air as the 2.25-inch drills at the Portland mine in 
Cripple Creek, are operated by two men at a cost of $7.K7 per day. Timberinja; 
costH hardly anything, tramming about 3 cents, and hoisting about II cents 
per ton at the Mexican and Ready Bullion mines. Table 605 gives an idea of 
the results and costs of the average work in the district. 

TABLE 606. — HESULTS AND COSTS AT THE TRBADWELL MINES, 



Tons. 

Tods per machine In all slopes * . , 24.1M 

Tons m wide stnpiK Crwo men madiiTici) , S4.96 

Tons per tnachtm: in drifts 9.d 

Tods per foot In drifts 7.0 

Labor cost per ton on ore broken in large stopea 10.226 per ton. 

Lsbor cost per ton broken in drifts 0.830 ** *• 

LaJbar cost per foot of drift hit machine drilling ....,,... 0.575 prr foot. 



Milling costs from 17 to 27 cents per ton, with an apparent extraction of 
90% by using a water-actuated stamp mill, amalgamation, and concentraliofl. 
The value recovered is about equally divided Ijetween free ^o!d, saved by amalga- 
mation, and auriferous pyrite, saved by concentration, which constitutes about 
2% of the original ore. 

The actual results and average coats up to the end of the reports for 1907 
for the various mines are given in Table 607. 

TABLE 007, — ACTUAL RESULTS AND AVERAGE COSTS AT TfiE TREADWBLL 

MINES. 



TreadnrdL 


Mrxican. 


8,48$.Q8S 


2,447,0«3 


4.082,883 


7fl4,924 


74JIT 


w.9m 


120 


S4 


$2.44 


$2,55 


1-16 


0.77 


L2g 


ua 


0.21 


0.2S 


1.49 


2.01 



Ready BulUan. 



Tons nulled ..*..................... 

Tons in sij^ht 

Feel of dcvdoiimcnl work in 1 4 years . . 
Tons dex-elopcd per fool, appronrnatdy 

Totd value recovcret! per ton 

Profits, operating, per ton 

Total operating co&ia per ton 

Last depreciation figures per tom -..,.. 
Total estimated ti.«t per ton 



1J4I.07V 

L378,W 

27,9A3 

100 

S1J9 

OSS 

IM 

OSS 



The sbipment and treatment of concentrates costs about 86.75 a ton and 
when spread over the original ore niilk'd, costs from 10 to 14 cents a ton. 
From Table 007 it appears that the combined mines have treated 12,773,227 
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tons of quartz worth $28,423,257.30 or $2.23 per ton for a total operating cost 
of $1.43 per ton, to which 24 cents per ton must be added as a fair estimate of 
the value of the plants employed; the total estimated cost being $1.67 per ton 
and the profit 56 cents or about 25% of the gross value recovered. 
Table 608 gives the results obtained at these mines during 1907. 

TABLE 608. RESULTS AT THE TREADWELL MINES IN 1907. 



Toas milled 

Cost of mining and developing per ton . . . . 

MQfing per ton 

Shipping and smelting concentrates per ton 

General expense per ton 

Construction per ton 

Total operating per ton 

Depreciation per ton 

Grand total per ton 



$1.58 



TrcadweU. 


Mexican. 


Ready Bullion. 


702.953 
$1.00 
0.17 
0.12 
0.04 
0.04 


214,263 
$1.19 
0.27 
0.12 
0.09 
0.01 


213,370 
$1.00 
0.36 
0.11 
0.07 
0.01 


$1.37 
0.21 


$1.68 
0.23 


$1.55 
0.35 



$1.91 



$1.90 



§ 1609. Grass Valley District, California. — Table 609 shows the work 
performed by a property at Grass Valley, California, during August, 1904, 
operated through one shaft. It is a fair average of the district. 

table 609. — OPERATIONS AND COSTS AT GRASS VALLEY, CALIFORNIA, IN AUGUST, 

1904. 



Tons of ore rained (quartz railled) 
Tons of waste mined 

T<His of ore and waste hoisted 



Stoping. 



658 



4,347 



Drifting. 



811 



1.! 



2,210 



Stopin^ and 
Drifting. 



4.500 
2,057 



6.557 



417 Feet Drifted Between 30th and 40th Levels. 



Mining, beaking - j ^^^^j eandlra,* etc. ! ! '. 
Machine drills — Labor, power, supplies 

Toob, etc. — Lalx)r and supplies 

Timbering — Labor and supplies 

Tramming — Labor, supi^ics, and power 

Hoisting 

Blacksmiths and mechanics 

Total mining 

Pumping 

MisccUaneoiLs and general 

Office and superintendence 

Total contingent 

Hauling 

MilliM 

Cyanicung 

Total milling 

Grand total 

Grand total per ton of ore hoisted 



Per Ton of 
Quartz. 



$0.64 
0.22 
0.41 
0.14 
0.11 
0.80 
0.27 
0.21 



$2.80 
0.51 
0.25 
0.16 



0.92 
0.09 
0.46 
0.35 



$0.90 
$4.62 
$3.92 



Per Foot 
Drifted. 



$3.05 
2.02 
1.46 
0.41 
0.46 
1.64 
1.16 
0.87 



$11.07 
2.15 
1.04 
0.53 



$3.72 



$14.79 



Per Ton 
Quartz. 



$0.83 
0.36 
0.49 
0.16 
0.14 
0.82 
0.34 
0.26 



$3.40 
0.63 
0.81 
0.18 



$1.12 
0.09 
0.46 
0.35 



$0.90 
$5.42 
$3.72 



§ 1610. Black Hills District, South Dakota. — The Homestake is the 
greatest gold mine in the world in point both of tonnage and of gross val'' 
produced. In eight recent years the output has averaged as shown in T»l 
610. 
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TABLI^ 610, — REBITLT8 AT THE HOMESTAKK MINE FOR EIGHT TEAfiS. 







Pcf Too. 


Ton,-* itiiUi^ , ,....,, ,t^t.,t**t*tm* 


f34.ft38.5tS.OO 
3M,687,a00,00 




(rfA^ tf'oovrrtd ..fi.....T.,.>.<..i.rr.»><TTt 


$3.69 
3.04 

OLftS 


Om ,* ,....»....* 







It IS to be obsen^etl that the costs are more than twice as high m at \ 
Treailwdl f^roup. The extermil fondition8 are not as favorable as at Don( 
Island. The wages are about the same, but there is not sueh a good suppi 
of water and timber and transportation h more costly. The cost of wid 
alone is approximately 10 cents a ton at the Homestake, 

The internal factors would appear to be about the same. A vast bodT< 
silicified sbitc has been followed from the surface to a depth of nearly l,6CH1fei 
The thickness is several hundred feet. The metallurgical problem is simph 
4.7 tons are crushed per stamp per <lay. Amalgamation is followed by cya 
ing the tailings at a cost of IS reots per ton stamped. 

There are 1,(X}0 stamps employed on Homestake ore in six different 
Table 611 gives the costs per ton of the whole process in 1907, 



TABLE 611. 



COSTS PER TON AT THE HOMESTAKE IN 1907. 



• Per Ton. 

MillEtiA and actuJgiLnuiiUni; $0.44 

Cyanidiog * 0.18 

Slunc iTC&ttnent And constructioD , 0.24 

ToUl , $0,811 



The recent cost for mining and development is $2 a ton. For mining til 
the rate of 4,(JO0 tons a day fnmi a single ore body this seems high. Possibly] 
the methods are not gootl; a more w^asteful one might be more profitable. 

J IGIl. San Ju.\n District, Colorado. — The external conditions at the I 
Camp Bird property are unfavorable. The altitude of the mine is 11,300 f^et 
and of the mill 7,S{KJ feet in steep ant! snow>' mountains. Wages are about 
average for the Rocky Mountain region » but it is not to be supposed that inea 
are capable of sustaining their best exertions at such an altitude. Supplies] 
have to be hauled S miles to the mine and f) miles to the mill from the rail- 
road station at Ouray^ over a steep mountain road often blocked with snow. 

The internal factors are as follows: The ore occurs in extensive shoots in] 
a nearly vert it* at quartz vein from 3 to 10 feet thick. In a total length of] 
4,500 feet explored there are four ore shoots aggregating 1,700 feet long. This! 
has involved an expense for development of 76 cents a ton, Stoping is done 
as at the Tread well nu*ne. 

Table CI 2 (see opposite page) gives the cost for 1906-07, stated to be very 
near the average. 

These costs arc much hight^r than those of the Liberty Bell mine a few miles] 
away. The rcitson undoubtedly is the higher grade of the Camp Bird on?;l 
this accounts for higher costs in taxes, freight, and treatment, etc., and fumishe§| 
the excuse for pretty liljcral fees and management. 

At the Liberty Bell mine 34 tons of ore per foot of development work have] 
been blof*ke<l out. The average cost per foot of delevopment se(»ms to be about] 
JIIO, and per ton delevoped, $0.30. The sloping width is about 5 feet. 

Table 613 gives the results of operations at the Liberty Bell mine extend*] 

; over a period of 2 J years. 
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TABLE 612. — COSTS AT THE CAMP BIRD MINE, 1906-07. 



Per Ton. 

Blocking-out ore $0.76 

Ore breaking 0^ 

Timbering 0.73 

Loading and tramming 0.76 

Electric lighting 0.01 

Engineering and surveying 0.05 

Mine sampling and assaying 0.06 

Foremen, bosses, etc 0.22 

Power 0.39 

Maintenance 0.43 

Other expense — diamond drilling, hoisting, etc 0.30 

Total mining $4.36 

Tramwaj; expense, mine to mill 0.20 

Stamp mill expense 1.25 

Cyanide expense * 0.61 

Freight, smelting, and sdling concentrates 1.75 

General expenses, consulting engineer, taxes, etc 3.06 

Depredation of plant , 0.85 

Survey and \&b(x on unpatented daima 0.16 

. Total $12.24 



.BLE 613. — AVERAGE COSTS AT THE LIBERTY BELL MINE, JANUARY 1, 1905, 

TO JULY 1, 1907. 
Average yearly tonnage mined 101,369 tons. 



Labor per 
Ton. 



Supplies per Total per 
Ton. Ton. 



remen, shift -bosses, and clerk 

Powder 

kping. \ Fuse and caps 

I Candles .... 

Lulin^ and mucking 

tnbenng 

wer, beat, lights, telephone, etc 

acksmithing, track-laying, ditching, hardware, rails, drills, steel, etc.. 

r lines and compressors 

rs, skips, and hoists 

isceUaneous 

sajring, sampling, surveying, acddents, etc 



$0.1148 



0.6056 



0.4355 
0.4590 
0.0423 
0.0673 
0.0205 



r $0.0981 

0.0226 

L 0.0374 



$0.1148 



0.7637 



0.0128 
0.0474 



0.1762 

0.0940 

0.0669* 

0.0150 

0.0425 

0.0152 



0.4355 
0.6352 
0.1363 
0.1342 
0.0355 
0.0425 
0.0280 
0.0474 



Total mining exdusive of devdopment . 
Cost of devdopment 

Total mining per ton mined 



$1.8052 



$0.5679 



$2.3731 
0.5353 



$2.9084 



* Includes complete cost of new drill equipment. 



Average yearly tonnage trammed 2 miles to the mill 101,208 tons. 



remen and linemen 



Total tramway per ton trammed 



$0.0219 
0.2089 



$0.2308 



$0 0990 



$0.0990 



$0.0219 

0.3079 

$0.3i298 



Average yearly tonnage milled 101,532 tons. 



perintendance 

usber and conveyor 



-grinding 

Ltung and agitating . . . 

tering 

ocentrating 

oalgamating 

edpiuting 

Cyanide .... 

Lime 

Lead acetate 

General 



:neral. 



Total milling per ton milled 

TcHal mining per ion milled 

Total tramming per ton milled 

Total mining, tramming, and milling per ton milled . 

Cost of development per ton milled 

Shipping concentrates per ton milled 

Total maintenance and repairs per ton milled 

Depredation per ton miUol 

Total per ton milled 



$0.0182 
0.0288 
0.1730 
0.0250 
0.0461 
0.0934 
0.1246 
0.00537 
0.0504 

0.0404 



$0.6536 
1.8023 
0.2300 



$2.6859 



$0.0438 
0.1632 
0.1166 
0.00365 
0.1117 
0.0354 
0.0518 
0.0748 
0.3755 
0.0600 
0.0316 
0.2251 



$1.3260 
0.5670 
0.0987 



$1.9917 



$0.0182 
0.0726 
0.3362 
0.1416 
0.0826 
0.2051 
0.1600 
0.1056 
0.1252 

0.7326 



$1.9796 
2.3698 
0.3287 



$4.6776 
0.5844 
0.2500 
0.7977 
0J018 
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Since 30 cents per ton is a fair average cost of development, and 53 cente 
is an abnormal charge which has accrued during the past few years, if we de 
duct 23 cents per ton we find $6.33 to represent ver>' nearly the actual average 
cost of operating this property. Since the opening of the mine the average 
net receipts have been $7.34 per ton milled, indicating, under the present con- 
ditions, a profit of about $1.01 per ton. The introduction of the Murphy air- 
feed drill cut down the cost of stoping about 15 cents per ton. 

The company plans to get 2 tons of ore for each man on the mine pay roll, 
or 6.5 tons of ore for each man rated as a miner in the stopes. 

The wage scale is wholly on 8-hour shifts. The average mill wages are 
$3.50 per shift. Underground men are paid as follows: Shift-bosses. $4..50 
and $5; machine men, $4; timbermen, $3.50; hand miners and labor, $ii; me- 
chanics and helpers, $3.50 and $5 per shift. This is the San Juan wage scale. 

Table 614 gives roughly an analysis of the difference between the costs of 
the Camp Bird and the Liberty BeU. 

TABLE 614. — DIFFERENCE IN COSTS BETWEEN THE CAMP BIRD AND LIBERTY 
feELL MINES IN FAVOR OF THE LATrER. 



Per Ton. 

UndeTKround costs per toa $1.69 

Treatment charges 1.37 

(;;eneral expense 2.30 

Depreciation ol plant 0.55 

Total $6.91 



I 



In general, mining in the San Juan region costs from $7 to $7.50 per ton. * 
The external factors of a rough surface, a severe climate, costly transportation, j 
and a debilitating altitude are all unfavorable. The internal factors atv such I 
that only a small tonnage can be maintained. M(»tallurgically th(» ores are 
only fair, and while not markedly difficult, do not seem to permit of a full 
treatment at a cost of less than S2 a ton. The explanation, therefore, of the 
big jump in costs from SI. 50 at the Treadwell and S3 at the Homestake to ?7 
in the San Juan is the cumulative effect of a variety of both external and in- 
ternal factors. 

§1012. El Ouo District, Mexico. — The two principal mines are the 
Esperanza aiul El Oho on the San Rafael vein, and the Dos Estrellas on a 
parallel vein. The gold is finely divided, and will yield by amalgamation only 
about 1.)^ c- 

The external conditions are probably about average for gold mining. The 
wages for natives are low and their labor inefficient. Water-generated elec- 
tric power is furnished to the mine. The El Oro Company owns a railroail. 
timber lands, and a sawmill, and presumably supplies the other mines as well 
as its own with timber and transportation. 

The walls of the mines are heavy and often soft. Ordinarily the square- 
set rooms can be kept open to a height of 40 to oO feet; then they must Ix* 
filled. The mines are pretty hot. About 1 foot of development work is iv- 
(piired to open up IG tons of on*. 

Table ()1.3 gives costs at the El Oro and the Esperanza mines. 

The Esperanza produces otluT higher grade ores that are not cyanided. 
These ores are either concentrated and the concc^ntrates smeltetl, or shippcnl 
directly to the smelters. Ores shipped direct have paid for freight, treatment, 
and shipping expenses about )?1S.7.") per ton. 
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TABLE 615, — COSTS AT EL ORO AND ESPERANZA MINES, 



Tons mined , 

Ton* mill^J 

Mioiog ptr ton , , . . , 
Devt'lopmtm per Ion 

MiUintf iicr toti 

CvonidiiiiE per too , . 

Waicr per 100 . 

Other per ton ...... 

Gfnirral fier ton . . . . 

ConhirULtion per loo 

TiAaX per ton ... 



ElOro. 



mm 



Espcraoia. 



1,080.788 


460.000 


1.027,282 


333.330 


tlM 


12 SO 


0.74 


0.80 


0,771 
Ml i 


2.63 


002 




013 




O.«,i0 


1.08 


0,»tf 


19 



$7.60 



The rcrovery of nietak at the twu uiines is reporle(.i for 19()t]-07, tis shown 
in Table (310. 

TABLE 61G. — RECOVERIES AT EL ORO AND ESPERANZA MINES. 





Geld. 
Percent. 


Silver. 
FerccRt. 


Tolnl 
Value. 
PerctfUt* 1 


R«n(tnu<ijqn. „.<.,,,.,,,,.„, , „ , , 


90.04 
, . i>0,28 


fi7.33 
08.55 


8(1.20 
86.63 


ElOro 







§1613. KoLAR DisTRirr, Mysore, Indl\. — ^The principal mines arc the 
Mysore, Chainpion Reef, Ooreguni, anti Miiiuiydroo|^. The climate is tropical. 
The center of the field h 1K3 miles fruni the important seaport of Madras. Most 
supplies are more expensive than in the United States, in the proportion of per- 
haps two to one. 

§1014. Labor at Mysare, — Of the labor employed 9i\.2% are natives, 
1.6% are Eurasians, and 2.2% nw Europeans. The salaries vary from S30 
a month for some of the miners tu -I^IOO for smiths tind nuuiihiists and $250 
to the highest paid chemists and foremen. Transportation is provided by the 
companies for Europeans to and from Europe, and qimrtei-s, furniture, fuel, 
1 lights, and ser\''ants also. Men laid up by sickness draw full pay. Consider- 
ing the debilitating effect of the climate and the loss of time during ilhiess, 
voyages, nnd holidays the men probably perform about 5C*4 as much work 
as similarly paid men in the United States. Assuming that the wages of miners 
are somewhere near the average for nativc^s, and that luirojx'ans average $5 a 
day including expenses, and the Eurasians S2, we find an average wage of 36 
cents per day for all employees. 

§ 1615. Factors in Mining, — The internal factors are a single marvelously 
persistent quartz vein ch^vcloped for a length of 17,500 feet. The ore is a clean 
quartz containing 0.25%; *«f pyrite. Somt* of the largest shoots are more than 
4,000 feet deep along the slope and SOO feet wide at right angles to the long 
axis. The avi'rage thickness of the vein stoped is probably between 3 and 4 
feet. Taking the vein at large, the poor with the good, the average thickness 
of mill ore tl<*ve loped on the Mysore property in 1907 was 1..S feet. 

The greatest vertical depth reached is about 2,4(K) feet in the Edgar shaft 
of the Mysore. When the mines were less than 1,000 feet deep liie ore shoots 
on thr' Mysore and Champion Reef seem to have averaged nearly 5 feet in 
thickness. 

§ 1616. Method of TTeabnenL — The milling practice is simple. The ore, 
when properly sorted, yiehls a clean quartz with very little clayey matter in 
it. The process consists of amiilgamation in a stamp battery followed by 
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cyaniding the tailings. A special cyanide process is used for the comparatively 
small proportion of slimes. The only distinctive fact is that the crushing^ 
duty per stamp is low, being only 2.25 tons f>er day per 1,050-pound stamp. 
The pulp is put through screens averaging 1,600 apertures per square inch* 
The low stamp duty is made necessary by the high grade of the ore. In the j 
Transvaal and at the Treadwell, the duty per day is about 5 tons per stamp. 
Table til? gives the value and costs per ton at the principal mines. 

TAHLE 617. — VALUE AND COSTS PER TON. 



&liind}Klraog . 

Ooregum 

MysKxrc 

CtuTn[jJun R«if . 



Average. 



Value. 
Per Ton. 



$1908 

24.48 
2]M 



$21M 



Profit- 
Per Ton. 



t»21 
10,33 



$10M 



FttToa. 



I0J2 
10.83 
10.67 
11.05 



SIOJO 



g H]I7. Costs. — Each foot of develojiment work in the years 1902-07 ia- 
ehisive openrd up a little oVer 10 tons of ore at the Mysore, the largest aaJ 
best mine in the distriet. Drifting and erotss-cutting averaged $10 per fout, 
raises and winzes $40, and shaft sinking Si 00 pt'r foot. iStoping in a 4.5-fuot 
vein without timbenng costs about .^1.25 per ton. Tlie cost of drifting by hand 
in 1S99 was $9 per foot at tlie rate of 15 feet per nioiith, while eoinparative 
figures on maehine drifting are Sll per foot at the rate of 30 to 35 feet per | 
month. Table 618 gives the cost of raising m tliis district. 

TABLE 618. — COST PER FOOT OF RAISING (10 X 5 feet) 15,6 FEET PER MONTH- 



Per Foot. 

Latior, whilp $8 25 

lj:ibjr, niiijvr ,.«...*.,.. 4,50 

Ex|4*j»ivc* ...,..♦,***♦**., 0.2S 

Supplies .*... 4*H» 

Ctkmptiessed air • ..> ,,-...... 21 ,00 



T.j^iil 



$44.1 



Table 619 gives the cost per foot of shaft-sinkuig in Kolar gold fields. 

TABLE tM9. '— COHT PER FOOT OF f^HAFT SINKING. 





Mundydrtipg. 

12 hy Pm*1, 

Per Poor. 


0«klCT*S. 

le by 8 Feet. 
PerFooL 


Ckuniion Reef, 
Mi by S Feci. 
Per Vm,l. ! 


Circiunfmrns ■ 
IS Feet. ■ 

Pte F<M^. ■ 


Labor . . - 


$31.27 

7-88 
13-40 
'A2M4 
10.93 

0.4d 


|32.fl8 
25,22 
24-20 
33.88 
4J4 




-■^fl 






"^^^^^H 


Ekplii«ives and ^applies 




..■•••••« *^^^^^| 




^i^^^^H 






"*'••*•' ^^^^^^1 


UriU shuiTpcniiTi^ .+,•♦.4,,^,.. 




"^^^^^1 










Total 


106.81 
IS feci 


$120.82 
2&f«et 


$145 91 

2Srrrt 


$130 OO' ' 1 

2orcKi S 


Speed per mootli ... * 







Equivalent work in the United States may be estimated as follows: Sink- 
ing large working shafts (Lake Superior, Butte. Cceur d'Alene, or Cripple 
Creek), average rate per month 50 feet and costing per foot $100, Raiding 
with complete timbering, 10X6 feet, $25 per foot. Drifting in average gi-ound, 
5X8 feet, about S9 per foot. 
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Table 620 gives the costs at the mines of Mysore in 1899 according to Hatch, 

TABLE G20, — COSTS AT THE MIXEvS OF MYSORE IN liSyO. 



w 


Pc?T 1 on. 


Chain pidn Reef. 
Per Ton. 


Oorcguni. 
Per Ton. 


Mundj^drvxiK. 
Per T«o. 


Biikflisl. 
Pcf Ton. 


Coroiuulel. 
Per Too. 


Mior casts 
Mill 

U h^.l. r pnns 

traliar , . . . 


$5.7» 
1.28 

am 

0.28 
i 0.75 


$7,15 
1.68 
0,ft» 

0,27 
O.tll 




17.02 
1.41 

21 
0.75 
0.51 
0.48 


$12.12 
1.41 


$4.87 
l.tJO 


050 
0,79 
0-31 


0.47 
0.7G 


vj.i., ...i. ckintt* . . - 


0.49 


IVrtal 

Royally on gold «>rr 

DefircciatioD 

Londun ulltict* 


tK.79 
1-58 
0.41 
0,39 


1,51 
OJfl 
O.K) 


|10,3» 
0,80 
OJi 
0.33 


110.38 
L12 
0.40 
OOfi 


$15.13 
0.(&3 

0^ 


$&I0 

0.21 
0.50 
0.74 


GraiMl total ...... 


$11.17 


tia.st^ 


111,73 


iiajsA 


«1SJ4 


|»M 



These figures are believed to be nearly actual and they give an average cost 
per ton of ore developed of about $2,10 and per ton of on* milled of S3. 30. 
In isyy steam power eost SI 50 per horse-power year and the cost per ton for 
the power usetl was more than $3. Electric power i.s now furnished for $90 a 
year, redtuing the power co.st more than $1 per ton, but this is not taken into 
consideration in the above figures. 

It must not be forgotten that the cost of working a high-grade ore is of 
necessity greater than that of a low-grade ore. For reasons which are evident 
and many of which have already been stated it is genendly unwise, if not im- 
possible, to compare the working costs of high-grade mines, such as those at 
KoJar, wiiti the low-grade mines of other countries^ as, for instance, those of 
the VVitwatersrand in the Transvaal. 

Thrre does nut s(*em to be any detail in which the work at these mines is 
done cheaper than in the Uiiittnl States. In Cripple Crcrk, or Butte, or the 
Cocur d'Alene, where wages average ten times as high as at Kolar, work can be 
done just as cheaply. This is true of drifting, of cross-cutting, of raising, of 
shaft sinking, of stoping, and on ever} thing on which comparative data has 
been found. 

It is true that supplies cost more than in the United States; nevenheleas 
out uf working costs of $8.96 per ton in 1907 at the Mysore mine, hibor must 
account for about $5.50 or 61%. This is the usual proi»ortir^n in the United 
States. The number of men employed to mine and mill 194,K30 tons of rock 
in 1907 at the Mysore mine was S^334 or about 23 tons per man per year. At 
the (*aiiif> Bird mine in Colorado, where external conditions are unfavorable, 
the ore being of the same grade and the costs nearly the same, the wages are 
ten times as high and the output per man ten times as great. 

The true* explanation of the w^onderful difference in performance lies in 
the industrial efficiency of the communit}^ by which the men are surrounded. 

§ 161S. WiTWATERsHAND, SoiTH Ai'RtCA. — The Witwatcrsrand produces 
one-third of the world's annua! yield of gold. The occurrence uf the ores here 
bears a resemblance to that of tht* coppf^r conglomerates of Lake Jr'uperior 
and tu the Kolar mines of India. Table ii2] shows the average working con- 
<litions aod Talde 022 the average costs at nine of the represejitative miuea 
of the district. 
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ORE DRESSIXG. 
TABLE 621. ATERAGE WORKING CONDITIONS. 



iieiil 



X^iTibcr oi itiapi opm'i'n Ill 

W:<tia( CMC* ptr zrja ailkd $S.I9 

PeroeaiAjpe nt^ectcd bf acroaf fprnfaably at surface aaij) 13 

iUdo <i U3D» -irrckfped bo uns miaeil 0.90 

\l~kidi TWKnr» o( s&ofKS la iacho dO 

CocdaBLtT •jC rcvis. aanml lor dHc Rukd. uarinkd cbrvherc 

\f<Txgt itpth. d fciaiac ia ierc 1.200 

EMpof reef 90 degrees 

HjiriiKaft of cr^nxki. Sofid qoartdie and slate 

Cast vi ccttl per bm defiTcred at pbiiit $3.41 

Cj« tif amber per tuo uf ore ounrd 4 cents 

Gilbjtu of «:i:er pumpni from mine per kn of occ milkd 313 

I>atf of stirap. lucfcs milled per 24 hoars 4^ 



TABLE 622. 



AVER.\GE COSTS. 



Per Too. Per Ton. 

DereSopment oast per ton $0.37 

Oiher mining costs per too 2.63 

Toll! cost per too hoisicd $3.00 

\iiUinc. crushing, and amalgamatioo 0.69 

Cyani^ng 0.64 

General expense at mines 0.25 

General expense at head office 0.18 

Total per too $4.76 



These figures represent the costs as they would be if all the ore hoisted 
were milled, but as 13% is rejected b}' sorting, the cost is really $5.19 per 
ton. 

§ 1619. The Robinson Gold Mining Company, in the year 1897, hoisted 
203,597 tons, of which 23,197 tons wore sorted out on the surface. In addition 
the amount sorted out underground was estimated at 60,000 tons, making the 
total stoped about 263,5(X) tons. The total cost per ton was $0.90 divided 
between working cost at S0.05 and construction at S0.25 per ton. Table 023 
gives mining costs at the Robinson Clold Mining Company correctctl for com- 
parison with similar work done at other minces. 

TABLE 023. — MIXING COSTS. ROBINSON GOLD MINING COMPANY. 



Per Ton. 

263.500 ton.s stope<l $1.68 

203.5O0 tons trammed 0.08 

203.597 Inns hoisted 0.10 

203.500 ton-s, mine maintenance and pum|>ing 0. 18 

320,000 ions developed 0.56 

Totul per ton $2.60 



These figures are as low as those of the Portland mine at Cripple Creek, 
figured on the same basis. They are not far above those of the Tamarack, or 
tlu* Calumet & Heela, where the volume of material in the same area is more 
than doubh,', and lower than equivalent work in the Mysore mine. The two 
veins at the Robinson are 18 and 42 inches wide and an effort is made to carr}* 
the stopes as narrow as possible. Table 624 gives the milling costs, including 
the secondary treatment at the Robinson mine. 
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Per Ton. 

Crushing and sorting, 203.597 tons $0.09 

Transport to mill, 180.400 tons 0.03 

Milling and maintenance 0.43 

Power 0.22 

$0 77 
Secondary Treatment 

Vanning, concentrating 0.07 

Cyaniding and chlorination 0.70 

Total treatment $1.54 



Here we have ore worth $20 a ton, treated with an extraction of 89.3% 
at a cost that seems low enough. Table 625 gives the general expense at the 
Robinson mine based on 263,500 tons a year. 

TABLE 625. — GENERAL EXPENSE AT ROBINSON MINE. 



Per Ton. 

General maintenance $0.08 

General charges 0.28 

Machinery, plant, and buildings 0.36 

Special charges 0.09 

Construction 0.18 

Total $0.99 



If all the rock broken, therefore, were treated, we should find the comparison 
with the costs already given as shown in Table 626. 

TABLE 626. — COMPARISON OF COSTS PER TON MINED AND PER TON MILLED. 



Mining 

Treatment 

General expease 
Construction ... 

Totab 



Per Ton 

Milled 

(as given). 



$3.90 
1.57 
1.18 
0.25 



$6.90 



Per T<in 
Mined. 



$2.60 
1.54 
0.81 
0.18 



$5.13 



As a mining camp grows older the working costs almost invariably decrease, 
providing the camp maintains a healthful activity with advancing years. This 
has been the case at the Witwatersrand. Tht^se ores will probably soon be 
mined with all working and construction costs for $5 per ton. 

§ 1620. Labor Costs. — It is said that white people average to receive $4.60 
per day and colored laborers $0.66 per day, and they are employed in the pro- 
portion of 9.2 colored men to one white man. The average wages are probably 
about $1.18 per day. 

An exact comparison of costs and wages in different localities cannot be 
made because the rock.s and conditions are different. In the Rand the rock 
is harder than at Cripple Creek, and th(» openings probably average larger, 
but on the other hand, there is less water to pump. Table 627 gives the average 
development costs and wages at various localities. 
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TABLE 627. — AVERAGE DEVELOPMENT COSTS AKD WAGES IN DIFFERENT 

DISTRICTS. 





Per Foot. 


*'«?,.■" 


RuDdn ftveragc for shafts, drifts, nistt, etc. ., .».,....., .»....»., . 


130.00 
22.00 

11.00 


•iiS 

3.40 


ICf)li>r, tytmgff U^ «liiiri«, dHfi«, raifsf^ ^c^ > . , . . , 


CrioDle CnB»^ Avomee (or &hiif t&. drift*, ntiics. etc 





Iron. 

g 1021. Eastern Ukited States. — The cost of producing Eastern iron 
ores atul concentrates varies considerably in mines of the same district and 
evt^n more so in mines of different localities. In Virginia, for instance, in tk 
earl)' part of 1LK)S, the output per man in the same district varietl from 0.54 
to 2.24 tons, with an average of about 0.91, The average mining cost was 
about $1.90 per ton, while the expense of washing was only $0,058 per ton. 
The cost of loading the product and tending the spitzlutte amounted to $0.20 
per ton of product. 

The expense of mining and milling 153,504 tons of crude iron ore at a pIsBl 
in the vicinity of Iliberaia, New Jersey, in the year 1905, amounted to about 
$L50 per ton as shown in Table 628. 

TABLE 628. — COST OF MINING AND MILLING IRON ORE IN THE VICIKITY OF 

HIBERNIA. NEW^ JERSEY. 



Mine labor . . 
Surface Ubor , 

F^l 

Powder 

OU 

Timber. 



Cort per Too, 

....iO.S812 
.*,. C1.2S29 
..,, 27«> 
.... 0.0706 
.... 0.0244 
0.0749 



Supplies DLod repdn ...i,«.^^.... 0. 1 1 13 

Milling ,.. ..,,. 0.0300 

Total , . . , $1 . 5047 



A very large Eastern iron company repoils the cost of mining and milling 
per ton, in 1907, as $1,165 and $0,620 respectively. These costs are given 
in considerable detail in Table 629 and represent the average cost to a ver)^ 
large company handling, with magnetic separators^ a large amount of com- 
paratively high-grade ore. 



TABLE 629. — DETAILS IN THE COST OP MINING AND MILLING EASTERN IRO-V 

ORE. 

Tonufigc. Run of mine ore in 1907 , » 566,09? tooa. 



Superin.t«;n(Jrnce, captains, shifl bosecsi. and timekeepers 

Stopin* 

Tramming ( underffround) traclu ojid can 

Pumptni^ 

Eicploriitian iind dt-velopinenl , 

Underground eJEprnse 



Total mining ( undcrgruund) . 



Hutsiing . , .,..., 

Top badinc, tranuxkinfl (surfai-e), ruilruud imcks, and yards 
Slacking, sorting . and loading <xtt 
Crushing ore 



Labor per 
Toor 



10.040 

0.201 
313 
O0J3 

0.006 



mutto 
ioc^ 

OQOtt 
027 
010 



Supplies per 
Ton. 



017 
0.02 J 
0Q21 
04)07 



10.225 

$0 054 
0.000 
0.001 
0.012 



Toulper 
Too. 



iOOM 
O.4J0 

ojn 

0.014 
0.04« 
0.015 



lOJSS 

looga 

OOOfl 
0024 
0023 
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Labor per 
Ton. 



Sui 



ppUes per 



Total per 
Ton. 



Mining ( _ 
Ofl&ce expense 

Surface expense, warehouse, contributions, and accidents 

Depredation (inventory, improvement, and new construction) . 
razes and insurance 



0.006 
0.018 
0.012 



OJOOl 
0.012 
0.013 
0.044 
0.025 



0.007 
0.030 
0.025 
0.044 
0.026 



Total mining (surface) 



underground) 
Grand total 



10.118 
0.600 



$0,162 
0.225 



10.280 
0.885 



$0,778 



$0,387 



$1,165 



Tonnage of magnetically separated iron ore for 1907 
Tons of crude ore per ton dt concentrates 



.337.469 tons. 
. 1.308 tons. 



OtlAhing ore ....... . 

Driers - -, - ■ 

SefKTatdn, magDclic 



UAulage I 

ScrecnVi *-..*. ^ ....... . 

Lubricating macMnerr *. . , . .^ ....._...,. 

MiUmera . ........ ... - - .,.., ^ ,,.,.,,, , 

Supenntrndeocc, fcrcmea, add Umekeepen 

G«Kfml mill expend - *.,.,.,, ^ .*.,., , 

Landing (irrriiucL^ 

BuflditiK rrpiiLrs and bdttng renmnb ... ^ ............. ^ ., . 

Caf f«|Atr^, swjtcliittg ctiuiet, railroad tracks, and yvrdi , . . h 

AnoJyss , - . , . 

Offi« expeoae ,.,..,., ......-..,-.,. 

Sarface rtprnM, warebiwar* cmitfibulioft*, and afddenls . . , . 
DcprrctAUofi (inmrDtory, impravement^ and new cooi^TUctkin) , 
InS'UrancF and taxo ,...*.. 



TevtaJ coacentntmg 



ia.01fi 
0.001 
0,010 
002] 
013 
0.007 
0.007 
0.019 
0.003 
0.014 
0.030 
0.001 
0.017 
OOOG 
0.017 
0.010 



$0.2lfl 



$0,024 
0.015 
0.005 
0059 
0,003 

o.oo:$ 

O.DDfi 



0.0 11 
0.000 
0.042 
0187 
0.004 
0.011 
0.004 
0J17 
0.015 



$0,404 



loo^g 

024 
0.024 
0.080 
OOlfl 
0.009 
0.012 
0.019 
0,032 
0.025 
0.020 
O.043 

a 1 04 
o.oo# 

O.02« 
0.014 
0J17 
0.015 



$0,620 



Tungsten. 

§ 1622. Boulder County, Colorado. — The average cost of mining and 
milling Tungsten ores in the Boulder County district of Colorado is summarized 
in Tables 630 and 631. 



TABLE 630. — AVERAGE COST OF MINING TUNGSTEN ORES IN COLORADO. 





Dimensions in 
the Gear. 


Cost per Foot Including Powder, Fuse, and Caps. 


Cost of Powder. 
Fuse, and Caps. 


Operation. 


First 50 
Feet. 


Second 
50 Feet. 


Third 
50 Feet. 


Fourth 
50 Feet. 


Fifth 
50 Feet. 


Sixth 
50 Feet. 


Next 200 
Feet. 


Shaft-sinking ... 

Drifting 

Cro8s<utting ... 


3.5 by 8.0 feet 
4.0 by 7.0 feet 
5.0 by 8.0 feet 


$10.00 
7.00 
6.00 


$15.00 
7.00 
10.00 


$20.00 
7.00 
10.00 


$25.00 
7.00 
15.00 


$35.00 
7.00 
15.00 






$1.50 per foot. 
0.75 " " 
1.00 " " 


7.00 
15.00 


7.00 
20.00 



TABLE 631. — AVERAGE COST OF MILLING TUNGSTEN ORES IN COLORADO. 



Plant. 


Ores. 


Method of Running. 


Power. 


'^^SS^ 


Cost per 
Ton. 


Number 1 




Continuous 


Steam 




$1.25 
3.50 


2 










** 3 


Variable 


IntemiDted 


Water 


7 to 25 

7to25 

25 


200 


•* 3 






Steam 


4.50 


" 3 


Unifonn 


Continuous 


Steam and water 


1.00 











The usual milling practice is to crush with stamps, classify, and table the 
various products. 
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^^^" Testing. | 

j 1623. Screens. ^ — For investigating cliissifier work the author uses a set 

of scroena with openings exprcsHieil in njillimoteii^ ius follows; 2.8J, 2.49, 2,08, 
im, L27, hlO, 0;D7, 0,cS4;0.68, 0.57, 0.4p, U.;jG, 0.28, 0.24, 0.20, 0.15, (112, 
0,10, and 0.08. As will be riotef|_the series m geometrical, the ratio of dianietcm] 
being approximately equul to V2 or lASil (See § 1101.) The exaet clianielef 
of tlie screen openings was meiLsiired by means of a micrometer microscope. 
Whrn a careful sizing test is desinMl it is best to ilivide the crushed materiitl lo 
avoid abrasion of the particles inciricnt to passing them through a nanibcr of 
sieves. Thus if one has material that has all been crushed through 2 mm., 
this may be .sieved first on 1 mm., yielding oversize through 2 mm. on 1 mm., j 
and undersize through 1 nmi. This undersize can then be sieved on say 0,36 j 
mm., giving finally three sizes, i.e., through 2 mm. on 1 mm., through 1 mm. 
on 0.36 mm., and through 0.30 mm. Beginning now, with the material through 
2 mm. on 1 mm., place a small amount of tlie material on the 1.63 mm. screcji 
and tip the screen back and forth, allowing tlie grains opportunit}' to pass 
through the meshes if they are sufticiently small. Use no washers or other 
means of forcing the grains tlirough the nu^shes. After removing the oversize 
fcerl on a second (HJ^tiun of tlie material and proceed as before. In this way 
there is the minimum amount of crumbling and the sizing is done in an extremely 
satisfactoiT manner. Wlien it is riesirable to carry the sizing down to extremely 
fine sizes, beyond the range of screens, the author uses the settling tube described 
in the following article, 

J ll>24. llAHiiWELL Sorting Tl'be. ^ The sorting tube shown in Fig. 852 
was designed by E. S. Bardweli to do away with the use of beakers 
n for making settling tests. The apparatus consists of a glass tube 

i| (1) fitted with rubber stoppers (2) and (3). The lower stopper 

(2) is pcriorated and provided with a brass discharge tube (N). 
The u|>per stopper (3) is provided with a stuffing box (4), also with 
a snuill glass tub<* (9) for admitting water and a similar tube (10) 
to allow the air to escape while the apparatus is being filled with 
water. The discharge tube (8) is closed In' the rubber stopper (fi). 
This stopper is provided above with a bra^^s shield (7) and both 
are secujt'ly fastened to the brass rod (5) which is froe to move 
in the stuffing box (4). When making a test the apparatus is 
held by a clamp so as to be free to turn on a horizontal axis from 
a vertical position through at least 180°. About 30 gi^ams of the 
material to be sorted is jHit in the ap|>aratus, the stojjpers adjustetl, 
and the apparatus filled with water and turned about it^^ horizon- 
tal axis until the discharge tube (8) is uppermost. The material 
is allowed to settle until the water in the tube (1) is practically 
clear, whereupon it is turned end for end and the material allowed 
to settle say 1,000 seconds. The stopper (G) is then withdrawn 
by mivuis of the rod (5), anel the material which has not settled 
500 millimeters in the 1,000 seconrls, or material which will not 
i meter per second, may be drawn off into a bottle held beneath the 
disrhar*j;e tube (8). The proeeihire is repeated, allowing the material to s<'ttle 
sucrrssively shorter periods of time, varying one from the other in constant 
fatio. In the ca.se of the first drawings it is necessary to repeat five times in 
Irder to be sure to get all the particles. Later one or at most two drawings 
vill be found sufficient. Tables 632 and 033 show two settling tests on 8tamp* 
nill p\i!t) made with this device. In figuring the diameters of the particles wi^ 
use Talile t>38 and assume the material to be all quartz. Thus knowing the 
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velocity the diameter can be obtained. Fig. 853 shows cumulative curves ob- 
tained in the two sizing tests. 



TABLE 632. — SORTING-TUBE TEST. SAMPLE I. 



Vdodty MUUmeten 
per Second. 


Diameter 
MUlimcters. 


Weight Grains. 


Percent of Total 
Wright. 


Cumulatix-e Percent. 


71.40 


0.690 


1.11 


4.11 


4.11 


50.00 


0.485 


1.35 


5.00 


9.11 


35.70 


0.323 


1.30 


4.81 


13.92 


25.00 


0.204 


1.85 


6.86 


20.78 


17.83 


0.159 


2.06 


7.65 


28.43 


12.50 


0.127 


1.66 


6.14 


34.57 


8.93 


0.116 


2.05 


7.60 


42.17 


6.25 


0.095 


2.32 


8.60 


50.77 


4.46 


0.081 


1.35 


5.00 


55.77 


3.12 


0.070 


0.87 


3.22 


58.99 


2.23 


0.0575 


0.39 


1.44 


60.43 


1.56 


0.0478 


1.35 . 


5.00 


65.43 


1.18 


0.0401 


0.85 


3.14 


68.57 


0.78 


0.0324 


1.17 


4.34 


72.91 


0.56 


0.0272 


0.80 


2.96 


75.87 




-0.0272 


6.51 


24.13 


100.00 


T^?H - - . , 


26.99 


100.00 









TABLE 6^33. — SORTING-TUBE TEST. SAMPLE II. 



Velocity Millimeters 
per Second. 



71.40 

50.00 

35.70 

25.00 

17.83 

12.50 

8.93 

6.25 

4.46 

3.12 

2.23 

1.56 

1.18 

0.78 

0.56 



Totab . 



Diameter 
Millimeters. 



0.690 
0.485 
0.323 
0.204 
0.159 
0.127 
0.116 
0.095 
0.081 
0.070 
0.0575 
0.0478 
0.0401 
0.0324 
0.0272 
-0.0272 



Wright Grams. 



2.556 
2.845 
2.992 
2.427 
2.012 
2.607 
2.850 
1.160 
1.950 
1.412 
0.801 
0.733 
0.702 
0.710 
0.775 
4.122 



30.654 



Percent of Total 
Wright. 



8.83 
9.29 
9.75 
7.92 
6.56 
8.48 
9.31 
3.78 
6.36 
4.61 
2.61 
2.39 
2.29 
2.33 
2.54 
13.45 



100.00 



Cumulative Percent. 



8.33 
17.62 
27.37 
35.20 
42.85 
51.33 
60.64 
64.42 
70.78 
75.39 
78.00 
80.39 
82.68 
85.01 
87.55 
100.00 



§ 1625. Classifiers. — For testing purposes the author uses at present 
a 12-8pigot closed-spigot classifier similar to the one shown in Figs. 854a, 6, and 
r. This classifier as shown is a free-settling classifier. By placing a suitable 
constriction in the sorting columns above the inlet of the hydraulic water the 
classifier is made to deliver products with hindered-settling ratios. The 12- 
spigot Classifier working with closed spigot uses a small amount of water, is 
easily regulated, and responds promptly to regulation. The rising currents 
maybe calculated and the classifier calibrated so as to deliver a series of closely- 
graded products ranging from coarse in the first spigot to fine in the last. Prod- 
ucts obtained in this way are extremely well suited for treatment on the Wilfley 
table. Attention is called to the classifiers for testing purposes described in 
Vol. II., pages 1144 to 114G inclusive. 

§ 1626. Jigs for Testing Purposes. — For small tests a hand jig with 
sieve box one foot square (inside dimensions) and about 5 inch(\s deep is most 
convenient. This device is constructed as shown in Fig. 85."). It may be sus- 
pended from a helical spring by the ring in the top and jigged upward and 
downward by hand in a tank of water. The products are removed by skim- 
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ming. A smaller hand jig with sieve box 6 Inches square is ver>' satisfactoiy. 
For testing larger lots of ore a single-compartment Richards' piilsator jig with 
4-inch pockets is extremely efficient. Table 511 of Vol. III. shows the result 
of a test made upon this machine. Where it is desirable to make a hutch prod- 
uct a small Harz jig having 3 compartments is very handy. (See Vol. II., 
page 1150.) 

§ 1G27. WiLFLEY Table for Testing. — Figs. S5()o and b show in 




FIG. S5-la. — 12-SPIGOT CLASSIFIER. FIG. 8546. — 

END view. 




FIG. 854c. — PLAN. 
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id elevation the small WilJlcy table as u.sfd in tlie laborator)' of tht Mussa- 
njfM*tts Institute of Technology. The tiifile top is trapezoidal in fomi and 
le diagonal line of the riffle tips is bi-ougiit to 
tie eonrent rates side about 8 mchei* above the 
)rner instead of beinjj; bnmght directly to the cor- 
_ T, Thisreiiders it much ea,sier to divide between 
rf>ri rent rates uml niidflliri^s. The trapezoidal shape 
of tiie faille does away with the use of a spray pipe 
the concent rates sicle. The tal)le has a capacity 
from 50 to 100 pounds of ore ])er hour, depend- 
ig upon the size of the material fc(J. The work 
>ne by the table is extremely satisfactory. The 
fcble is equipped with the standard \\'iHley-tab!e 
aeehanism. Tlie otfier delails of the table should 
sufficiently clear from the cut. 
§ 162S. Te.sting Fr*H Flotath^n. — The labora* 
yry device about to be described is intended to 
L*terniine the selective [>owcr of alunMnaieil hy- 
Iroearbon oils, at dilTerent tt^iriperatures, in the 
roneentration and separation of minerals by oil." 
The selective action of alumina ted hydrocarbon 
oils for mineral particles varies under different 
temperatures^ and an oil may be composed whose 
selective power for a certain numeral may be per- 
tfeet at a certain tcni|)eratur(\ whereas with ihe same oil, under another tem- 
perature, no selective action may taki* place. For instance, a certain oil had 
a strong selective action for zinc ndnerals at ()()° F., but none at all at UUP 
F, Bearing this in nund it may be pussibte to separate zinc minerals from 
other minerals, so producing a marketable product. This particular apparatus 

"^ y /fi yC^ i 






FIG. 



855. — HAND'JIG 
TKSTING. 



FOR 




FIG. SoCa. — LABORATORY 



wa^ designed for use in laboratories, by assayei's, etc., and ilhistratea the prin- 
ciple of the process. The manner of maintaining the oil at any given tem- 
perattire and the means of keeping the oil and ore in contact by agitation 
have been carefully worked out. 

The ma<*hine consists of an automatically working centrifugal extractor (1 
(sec Fig. 857), which separates the mineral from the oil. The glass spitzkaatei 
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or funnel (2) contains a hollow ulianinum cone (3) which revolves at about 
200 revolutionfs per niirmte, beifig drivon by a belt (4), ('onnocted mth the up- 
right shaft (o) Inwitle uf the syppoiir (0> to which the i?pit2kasten is attarlinl 




:t--* 



•■d tntim fv ynttnuf n-c^. 




IjMudiCT <BK ht mmi up 

%9 dMlbMtt MMUftlc^* 



FIG. 85G6. — PLAN. 



The manner in which the lower belt, e*innectecl %vfih the extractor^ and the 
upper belt are efiiineeled to the sliiift allows the operator to swing the spill- 
kartell while working to uiiy position. The aluminum eone is ut^ed, claims the 
iuvenlor, because oil will not adhere to it wh( n elean. The oil is niiseti to the 

ditTereiit temperatures by means of 
steam generated in a small Hask (7) 
by means of a gas lamp (8); the 
wholt* attaehefl to the framework. 
A tube (9) passes from this retort (7) 
through the upright shaft of the cane 
and ends within the aluminum cone. 
Once the temperature of the oil 
has been raised above 100° F. I lie 
weight of the mineral entrapped by 
the oil tends to pull the oil to the 
bottom in sinking. This is avoide<l 
since centrifugal force holds the rain- 
eral in suspension with the oil while 
the gangne sinks. The gangue can \ye 
drawn off into a beaker while the 
apparatus Is running by moving the 
spitzkasten over a beaker (I0)» 
Then by moving the spitzkasten over 
the centrifugal machine the oil miiv 
be here separated from the ore. The apparatus is self-contained. A standard 
test-oil has been compounded for this marliine by J. W, Van Meter, of San 
Francisco, inveotor of the Van Mr-ter system of t^oncentration and separation 
of minerals ami ore by oil. All that is necessary in tt^sting an ore is to find 
at what temperatiu'e the selective action for tlie mineral takes place. That 
det(*rmined J an oil is compounded which has the selective action at normal 
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ratiirf'. Tht- Van Meter proccas h used at the Santa Barbara oil-concen- 
tl plant, YauJi, Fern, J:?outh Ainc'Ht'a. 

[t Elnnirr ih'v ContH'iitrating Cbiiipuiiy han a laboratory testing apparatus 
i for dctcrniining the suitability of ori-^i fur 
ient by the %"iu'uym oil proces.i. Tlii.s m 
r to Fig. 816. In J 1353 of Chapti^r XXXIX 
I fount! su|[2:^ei^tionH with regard to testing by 
Blprat and Potter processes, 
1629. Testing by Heavy Sqlittion. ^ See 
ressing, \VjI. IL, page 1156. In n>nl-testing 
fsaturatetl solutions of ealriuni ehloiide and 
tloridc are useth As in most of tbis work 
>ns are required with higher specifie gravity 
\h& calcium ehloride, zine chloride finds the 
BXtended use. Fig. 858 shows the form of 
at us best adapted for making these tests, ^' 
Unple of coal having been weighted is then 
Itofl in the small tank/j and thorfHighly stirreil 
Dr that every piece may become well covered 
he solution and so that pieces of a higher 
«C gravity may sink. The latter particles 
|own through the funnel bottpni //, settling 
^ to funnel r. Tank b is then moved very 
to the position b^ over fnnnel bottom o, the 

S; carried along with it. The Kiehards' 
pump i is 
^^ then started 

^§ a n d t h e 

^g clamps g re- 

^^ moved , al- 





FUI. 858. — LONGITUDINAL 
S E< TION OF B F'XAM V.TKR 
COAL-TESTING DEVICE, 



to. — DOUBLE- POLE ELECTRO- 
MAGNET. 



lowing the heavy sohition to be filteretl off 
into the jar A. After washing with water 
funnels f and r' are removed and weighed, 

5 1030. Magnetic Separators. — For 
general testing purposes tlxere is needed a 
-riiall I'lectronuignet designed for use either 
as a high or low-jiower nuignet. For large 
sized tests a two-pole W'etheriil magnetic 
separator is without doubt the best ma- 
chine. It may be ust*fl either as a high or 
low-power machine, the rheostat affording 
extremely close adjustment. 

Small Testing Magnet. Fig. 859 sh(»ws 
a form of testing magnet that can be rec- 
ommended for small and jireliminaiy tests. 
This magnet has two cores of soft iron 
joined at the t<^tp l>y a yoke of ctist iron; 
the pole shoes, with faces 1 X J inch, are 
screwed to the bottoms of the ccjies, leav- 
ing an air-gap 3 inch long between the north 
and .south poles. The magne't is siispemled 
Each core is won ml with 5,000 feet of cotton- 
The turns are hehl in place 



7'CyQ from a spring. 
No. 21 copper wire making t>J(30 coils. 
and bottom by brass rings and are protected Ijy layers of paper and 
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tarred marline. The winding is Buch that a current of 0,*^ ampere at a pn*- ] 
sure of 50 volts gives* the maxinHirii of magnetic linei< the core can rarr>' witbous 
undue heating. When making a te»^t the niaterial is spread out upon a piece | 
of glass or ghized paper and the magnet brought over it. The niagnetic par- 
ticles that have been attracted to the poles are removed by holding the mignet 
over a sheet of paper and awitehing oC the current* 





no. 860a, — laboratory wetherill 

SEPARATOR, 



FIG. S606. — CROSS- 
SECTION. 



WetheriU Separator. Figs, 86(ki and b show a small Wetherill separator as 
used in the miiiini^; laboratory of the Massachusetts Institute of Teehnolag}\ 
As this is very similar to the standard machine described in § 13Q0 of Vol III 
we need not enter into a complete description of the maehine. Each of the 
magnets is wound for 100,000 arnpere turns and the machine is eapable of 
adjustment between 0.01 and 16.32 amperes. Table 634 gives a list of min- 
erals which have been found to be magnetic at the current strength indicated- 
Tills list is only soggestive as it needs to be corroborated on many samples of 
the same mineral species. 

TABLE 634. — ACTION OF THE WETHERILL MAGNET ON MINERALS FOUND JN 
PLACER SANDS TOGETHER WITH THEIR SPECIFIC GRAVITY. 



i 





Separated by Current ol 
i Ampere or le». 


Sepuj-ftied by Current of 
2 .Amperes. 


SepaHLted by Cunmt d 
3.5 Anipefri^ 


Mineral. 


specific 
Gravity. 


Minenit 


Spcci5c 
Gravity. 


Mtncml, 


Spcdftc 
Gmvity. 


Minenl. 


SpvdAc 
Gfm«n. 


Iridium 


22 

id 

15.6-lft.3 
14 -19 
14 
13 
11 
8.! 
7.6 
7.2- 7.6 
7 1 

6 

6.S-7.8 
6 
4.8 














Trill* ifimjum 














Elect rum 












QtM ,.. 


Pladnuin*..-- , 




Piiiii«iii::::: 




PlaUnum* . 


PLitmum ....... 

Amalj^aiii ...... 


Mercury , 














T^ad .......... 












T 
5 


Cinniibar ^ . , . . , . 


Galena . ....... 












WnlfmmilC 

Cosslteritc .. 


CAiHron 

JfKwphinite , 


7J& 
7 






donally) 


'^■^ lite 


Hanniite 


i 








J..ite .^,... 










' 




Maitnetlte .... 


si 


Rtneiilte 


5 


Mona7jLe . 


(j^ybdetihe 


P 














L^ 




4 


Profaftbly dtie to iron. 


.. J 
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^^^H Moo-miiKDetiCi 


Separated by Cuireni ol 
i Ampere or lew. 


Scpiiniled by Current of 

3 Ampens* 


Sepiir&tcicl by Current dL 
3.S Ampn^esh, 


^K IfinenL 


Spranc 
Gravity^ 


Mmeral. 


Specttic 
Gmvity. 


Mlncntl. 


Sprnfir 
Gravity. 


Minerul, 


Spcdfic 
Gmvity. 


IHR— 


4J 
4.34.6 
4 

3.6 
3J& 
3.5 
3.25 
3.3 

a.L 

«,7 














^aritr 






CkroniiKf . 

kulUe 

Limuoitc ... . 

Gtirntrt 

Pyrtixenc , , . , . 
Epidote ... - 
1'iurillc 


4.3-4.6 
4J 
4 

3 -4 

3.2-3.ft 
3fi 
3.5 


Pyrrhniiie 

Ciiruudujii . . 
Brookile 


4.S 


Ckirunciiitti ..,,.. 

C!v:amte 

EXamood 






4 

4 
















S-luorite... 






Spind 


3,(k4 








^^I^::;:: 


'"""'" 












Chrysolite .... 
Trjurmaline . ^ > 
Sidcritc ..... 


3.3 
3 

9 

2.5 






■P* 










^P ■■ 












^* 














'**' 1 











^^P § 1631. Roasting for Magnetic Separation. — Occasionally orris or 
•products having in themselvct* little or no magnetic susceptibility, and which 
cannot be siicccssfulty handled otherwise, requir*- ccHicentnition. This oiiiy 
sometimes be acconiplished by roasting, with or without carbon, and .subse- 
quent treatment on a magnetic separator. Table 635 givejj lists of minerals 

^brhich become quite magnetic on roasting. 

TABLE 635. — MINERALS WHICH BECOME QUITE MAGNETIC ON ROASTING. 



I 



Sulphidle&. 
OsdcU^cc roaL»t without c&rboo. 
Pyril* F«Ss 
Marauike Fe%; 

rite FcCuSi 



Bornite FrCu^ 
Afienopyrite reAsS 



Oxide« and airbt:icuites. 
Reducing roast with carbon. 

HetiiAtttc FcgOa 
Slderilc FcCtJi^ 
Wdfmmite FeMnWO* 
Cbmmitc FcCuaO* 



Sulphides are iLsually given an oxidizing roast, without ihe u.se of carbon, 
^and well exposed to the atmosphere; whiU^ uxitle.s and rarbotiafivs rnay be given 
^b reducing roast, with carbon, and little expost^d to the atmosphere. 
^m Laboratory roasting tests on sulphi<le tjre.s may be condiietetl by weighing 
^P»ut a small amount of the ore — say 1,00() grams — and placing it in an iron 
^pan of comparatively large exposert area. The ore should be in a layer one- 
half inch or 1 int h deep. Place the pan containing the ore over a fire which 
can be fairly well regulated; a blacksmith forge is excellent as the heat is easily 
controlled and the hood serves to remove the sulphur dioxiile fumes. Con- 
stantly stir the ore whih* lieating it and, when it gets lu:)t enough f^o that the 
play of blue tlames of burning sulphur is seen all over the surface, examine the 
^€re ver\' carefully to see if tliere are any '' shiners*' or un at tacked panicles of 
H|he sulphide left. If so, continue the roast. As soon as no more "shiners'^ 
^Km be seen, cool the material as cpiickly as possible either by putting a little 
^"Water on the hot ore itself, oidy as nmch iis will entirely evaporate, or liy setting 
the pan into another receptacle containing water. Weigh the roasted ore ami 
proceed witli the magnetic separation. 

The ore must be constantly stirred to prevent caking and iilso to expose all 
the sulphide partirles, wliile liut, ttj the oxygen in tht^ air. This roasting forms 
a superfieial coating tvf Fe^Oi un the particle which rentiers it magnetic even 
under very weak magnets. If the roust is earried too far Vi\<\ res\ilts which is 
not magiu*tic, and it is to prevent this tluit the nuiterial fuust be cooled tjuickly. 
In giving oxides and cartjonates a reducing roast with carbon, wtngh out 
^irom otJO to 1,(>CW} grams of the ore and mix in thoroughly from 3 to 5% by 



weight of nnel^^roimc^arbon or clmreoaL Place in a deep crucible or pot i^| 
but littlti Hurfuce area uinl, without stirring, keep at a dull red heat until H 
of the carbon is consumed. Cool antl weigh ius in the ease of the oxidizi^F 
roast. This usually results in a lumpy, cakey product which is rather h«Jp 
to do anything with and consequently the reducing roast \& generally \umM 
infactory. If the ore is stirred during the roiust an approximate result ia jW 
tained without lumps, but this also is unsatisfacto^>^ A satisfactory reduckB 
roast ran oidy be obtained by exposing the ore for a short time to the iictiiM. 
of reducing solitl or gaseous (^arboo, at a red heat and with complete stirriuJ 
and then chilling instantl}' on cold iron or othenvise. W 

J 1(>32. BoiTLE Amalgamation. — In testing the black sands of the PaciM 
Coast for gold, platinum, and iridosmiuni the following method has been wm 
very successfully. I 

A kilogram sample of each product of the concentrating tables is mssm 
with water in a 2-giillon bottle. To this is added a small quantity of sudiuin 
amalgam, and after mechanical agitation by revolving endwise in a mech«Jiic«l| 
agitator, making 30 revulutions a minute for about thirty minutes, it is lomi] 
possible to extract practically all the free gold, platinum, and iridosniiuin 
It has been found tliat the phitinuni and iridosmiuni will stick to the sodiiiral 
amalgam as long as the sodium is not all converted by water into sodinni hy- 
droxide. When the sodium amalgam is so converted the platinum ?^« 
out. As in some instances the gold has been found to be so coated with i 
and other oxides of iron tus to defeat amalgamation, each product is alao ex- 
amined by fin? assay to determine the total gold and platinum. 

This method may be ai>phed to the determination of the precious met J 
values contained in other low-grade products where the gold, silver, platimim, 
etc., exist chemically uneombined. 

§ 1(333. MEASunuMKNT OF Mineral Particles. — The use of the micronit^- 
ter microscope for mi^asuj'ing the size of grains has been referred to in j IK*^^^ 
The suggestion has been made that the ref1ectosco])e nught be a|)plie<l fur the 
measurement of mineral grains in the same way that the stereopticon is vls^'^I 
for the measurement of screen openings. Tlie author is not aware that auv 
work has thus far been done along this line, but offers this merely as a sugges- 
tion of possible value. 

The readers* attention is called in general to the discussion under the head 
of testing to be found in Vol. 11., pages 1130 and following. 

Testing for a Proces.s. 

§ 1634. The question of testing for a process will be found discussed ill; 
Vol. II,, pages 1101 to 1168. 

Regular Mill Testing. 

§ 1635. Testing Sieves, — In fine jigging, whether the sand has been clasri* 
fied or not, imless the clas.sifier is an extremely gootl erne, the tailings of ihel 
jig will always contain fine free miner;d which should be in the con cent rales. 

The tailings from the Wilfl^y table treating natural product, or mixed feed^ 
or chissified product , where the classifier is inefficient, will show fine free min- 
eral in the tailings that ought to be in the concentrates. 

The simplest way of detecting this in the mill is to linve a little nest of 
sieves running from the finest size up, tloubling the diameter of the hole of eiicl 
succeeding sieve. From this nest of sieves one can take the one that seem^ 
most satisfactory. The sieves should have the sieve cloth soldered to tb 
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l>^ttom of the rim so that it can lie close to the bottom of the vanning shovel. 
'VVith sieves so constructed one can sift the tailings to be tested with the aid 
OJ water by jigging the sieve up and down and quickly obtain the undcrsize. This 
'txndersize is greatly reduced in quantity and, because it contains all the fine 
f »ee mineral, it is greatly enriched in quality. It will, therefore, give a good 
demonstration at once upon the vanning shovel of the loss which has taken 
X>lace at this point. 

The middlings of the Wilfley table which is treating the first spigot of the 
olassifier on primary pulp, that is, pulp coming from the undersize of the main 
series of screens, will always have a large proportion of large free mineral which 
iDelongs in the concentrates, and associated with this in that product will be a 
eonsiderable quantity of finer quartz. These two products can be separated 
approximately by putting them on one of the coarser sieves of the nest. This 
sieve can be determined by trial to see which in the nest is most suited to mak- 
ing this undersize. The coarser free mineral in this product can frequently 
\}e made to stand out alone, while the undersize because of its being free con- 
tains practically the whole of the quartz and only a small quantity of fine free 
mineral which is present in middlings. 
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Tables and Other Useful Information, 
table 636. — standard gauges for brass and iron wire. 





Iron Wire. 


Brass Wire. 


Number. 


Washburn & Moen. 


Old English. 










Diameter. 


Diameter. 




Inch. 


Millimeter. 


Inch. 


MiUimeter. 


0000000 


0.490 
0.460 
0.430 
0.393 


12.45 
11.684 
10.922 
9.982 






000000 






00000 






0000 


6.'454 


ii.53i' 


000 


0.362 


9.194 


0.425 


10.796 


00 


0.331 


8.407 


0.380 


9.652 





0.307 


7.797 


0.340 


8.636 


1 


0.283 


7.188 


0.300 


7.620 


2 


0.262 


6.680 


0.284 


7.213 


3 


0.244 


6.197 


0.259 


6.678 


4 


0.225 


6.716 


0.238 


6.045 


5 


0.207 


6.257 


0.220 


6.688 


6 


0.192 


4.876 


0.203 


6.166 


7 


0.177 


4.495 


0.180 


4.672 


8 


0.162 


4.114 


0.165 


4.191 


9 


0.148 


3.759 


0.148 


3.769 


10 


0.135 


3.429 


0.134 


3.403 


11 


0.120 


3.048 


0.120 


3.048 


12 


0.105 


2.667 


0.109 


2.768 


13 


0.092 


2.336 


0.095 


2.413 


14 


0.080 


2.032 


0.083 


2.108 


15 


0.072 


1.828 


0.072 


1.829 


Itt 


0.063 


1.600 


0.065 


1.661 


17 


0.054 


1.371 


0.058 


1.473 


18 


0.047 


1.1938 


0.049 


1.2446 


19 


0.041 


1.0414 


0.040 


1.0160 


20 


0.035 


0.8890 


0.035 


0.8890 


21 


0.032 


0.8128 


0.0315 


0.8001 


22 


0.028 


0.7112 


0.0295 


0.7493 


23 


0.025 


0.6350 


0.027 


0.6853 


24 


0.023 


0.5842 


0.025 


0.6350 


25 


0.020 


0.5080 


0.023 


0.5842 


26 


0.018 


0.4572 


0.0205 


0.5207 


27 


0.017 


0.4318 


0.01875 


0.4762 


28 


0.016 


0.4064 


0.0165 


0.4191 


29 


0.015 


0.3810 


0.0155 


0.3037 


30 


0.014 


0.3556 


0.01375 


0.3432 


31 


0.0135 


0.3429 


0.01226 


0.3111 


32 


0.013 


0.3302 


0.01125 


0.2857 


33 


0.011 


0.2794 


0.01025 


0.2603 


34 


0.010 


02540 


0.0095 


0.2413 


35 


0.0095 


0.2413 


0009 


0.2286 


36 


0.009 


0.2286 


0.0075 


0.1905 


37 


0.0085 


0.2159 


0.0065 


0.1('»51 


38 


o.oas 


0.2032 


0.00575 


0.1460 


39 


0.0075 


0.1905 


0.005 


0.1270 


40 


0.007 


0.1778 


0.0O45 


0.1143 



2000 
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TABLE 637. — TABLE OF DIAMETERS AND AREAS OF CIRCLES. 



Diunctcr 


Alt« Square Idch. 


Ana Squirt mm., 


iDcbES. 


ArnSqtiarelBdL 


An&ScpaieBa 


A 


jnOT(t70 


.4»4a 


311 




t,24&l 




jfx^irr 


IMi 


2 




£4572 


KiSUl 


JL 


Sigma 


4.463 


S 






3.40S^ 


1 


j012a7 


7 J 10 


1 




54110 


3.4115 


JL 


j01«I7 


13.37 


I 




5^13 


3J7IJ0 


L 


jQHTfil 


ITJl 


2 




fi.«7n 


3.05SJ 


1 1 


i»T£« 


34 JS 


11 1 


AJ05I 


l,7tSJ 




.04000 


31.07 


2 




5,9300 


3,8310 


! 1 


.00313 


4006 


2n 1 


6 0751 


3^911.4 


1 1 


mmo 


49.48 


2 


i 


6 J 126 


4.QH.1 


u 


.O02gl 


flftjg 


2t 1 


0^12 


4,0973 


X 


.1^045 


71JB 


2 


i 


0.4A18 


4.1m 


ii 


.v:sm2 


83.03 


2i 1 


Q.03U 


4J7I.7 


'^ 


,150^ 


M.og 


2 


, 


0*7771 


4JI3.I 


f 


47357 


11L34 


2 




6Mn 


4,1037 


\ 


.ifl«as 


126.08 


3 


7.0086 


4,5».4 


ji 


.22I0<( 


143.01 


n 


7Jeoa 


4.7514 


1 


ami 


100.32 


7.0009 


4,ff4aj 




.3704^ 


17S.03 


^A 


7.97«S 


5.1I«J 




.30680 


1Q7.S4 


3| 


S.39S8 


S.S521 




■3Sa34 


3lgJi 


3A 


£.6179 


&.5S0J 


.37133 


^)^ 


^1 


6.9403 


3,771,7 


.40674 


361 ,n 1 


^& 


9.3800 


19871 


I 


.44179 


28503 , 


3l 


9.0311 


6,307.1 


ii 


.47fi3? 


^m:n 


3A 


9.0070 


6.430J 


1 1 


.£l§40 


334 51 


31 


10.3310 


0,e5§.i 


1 1 


.£fi«U 


360,73 


3U 


1(1.680 


O.W0J 


■ 


.00133 


3ts7.96 


31 


11.045 


7J2S,)t 


1 


.64fi04 


4 1ft. 15 


3U 
3i 


11.410 


7,365.1 


1 


Mfm 


445.36 


11.793 


7,fiO§.4 


1 


.ivm 


475J^ 


3il ' 


12.177 


7,awa 


1 


JS&40 


606.71 


4 


\2M/^ 


8.10T,1 


IJL 


.1^S&3& 


bum 


It 


13.962 


8,M3jO 


Ih 


MOM 


572.04 


13.304 


8.63L9 


iA 


M^^ 


00eJ7 


4^ 


13.772 


»m\ 


1 Jj 


,W»4(0 


441.30 


4| 


14.136 


%mi 


lA 


1.0500 


677.43 


4\ 


14,607 


9.4^.9 


lA 


1.1075 


714J^1 


31 


15033 


^.m%i 


17* 


1 1040 


752.64 


4;« 


15,460 


9.97S0 


U 


1,3273 


7I»174 ' 


41 


15 .904 


R2BI 




h^m^ 


831.80 


1? 


ltK349 


10,548. 


1.3530 


K72.90 


16.800 


10,S3S. 


1.41»a 


yH,e7 


I^* 


17.257 


11.134. 


L4»4U 


U5»,V0 


17721 


11.433. 


lU 


L5532 


1,002.1 


4li 


JhiW) 


11,735. 




t0230 


1,047.1 


4\ 


l».b65 


12.0U 


l.tt943 


1,093.1 


4fl 


tt» 147 


13.353. 


U 


I.7ii71 


1,140,1 


5 


19&;i5 


12.6(18, 


lb 


1>I15 


lAHAA 


6A 


20.129 


i2,9Sfi. 


iyi75 


1.237,1 


u 


20.ti2Q 


13.30». 


liftl4W 


1.3»7.0 


21,135 


13.ti3S. 


i| 


Lmm 


1.33]!S,0 


54 


21.648 


I3,96d. 


\\i 


2 L545 


lp390,0 


5& 


22 163 


14.301. 


2.23415 


1.442.9 


bj 


'22MI 


I4,t»39. 


lit 


2.3203 


lAmM 


5vi 


23.221 


14,9»1. 


\iS 


2.44m 


1,5A1.S 


33.758 


15.321 


2^30 


1.U07J 


^f 


24.3»t 


15,678. 


so 


3.5»03 


l.tKj4.6 


34.850 


16.032. 


2.auvtt 


1.722.S 


5U 


25 404 


16.391. 


1* 


:r.7Q]3 


1,78L4 


5| 


25 967 


lli.753. 


IVi 


2.H540 


l.«413 


5| 


36.535 


n.L19. 


HfS 


2.fi4!a 


1.902.1 


27.109 


17,490. 


lil 


3.0443 


1,964 


fill 


27.688 


l7.Sii3. 


2 


3J416 


2,036.£t 





2S.274 


18,241. 


'2L 


3 3404 


3,090.0 


6 


29465 


19.010. 


A 


3.341Q 


2,155,S 


6; 


30 680 


19.794. 


A 


3.4429 


3.221.3 


6 


3)919 


30.593. 


2h 


3.54K4I 


2.2sW,l 


6 


33.180 


2I.40M. 


2h 


3.asi5 


2.355 S 


6 


31.472 


23,340. 


^A 


3.75S3 


2,434,7 


6; 


35 785 


23.0K7. 


'^h 


3.H«5il2 


2,4»4.3 


ti 


37 122 


23.950. 


*2f^ 


3.B7tfL 


2.565.3 


7 


38 4SS 


24.H30, 


3^. 


4.0^7 1 


2,03118 


7 




39, STL ' 


35J33. 


:^f. 


4.3000 


2,700,7 


7 




41 2b3 


36, <m 


m 


4.3141 


2.783.3 


7 




42,718 


27.500 


ift 


4.4301 


3.S5ft,l 


7 




44 179 


2S.S03. 


4.S473 


23U1 


7 




45, im 


29.44il. 


i^H 


4.tilV54 


3.0 IQ. 6 


7 




47 173 


30,434. 


^'H 


478li<l 


3.0^ 1 


71 


4J^,;07 


31.424 


2r 


49087 


^ im.B 


H 


50.205 


32,i29 
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637. — TABLE OP DIAMETERS AND AREAS OF CIRCLES 


;. — Continued. 


er 


Area Square Inch. 


Area Square mm. 


Diameter 
Inches. 


Area Square Inch. 


Area Square mm. 




51.840 


38,451. 


18 


f 


265.18 


171,080. 




53.466 


84.488. 


18 r 


268.80 


173.420. 




55.088 


35,541. 


18 




272.45 


175,770. 




56.745 


36,6U. 


18 




276.12 


178.140. 




58.426 


87,694. 


181 


279.81 


180,620. 




60.1S2 


88.795. 


19^ 


283.53 


182,920. 




61.863 


39.911. 


19 


\ 


287.27 


185,340. 




63.617 


41.043. 


19: 


291.04 


187,770. 




65.397 


42.192. 


19 




294.83 


190.210. 




67.201 


48.355. 


19 




298.65 


192.680. 




60.029 


44,535. 


19 




302.49 


195.150. 




70.882 


45.730. 


19 




306.35 


197,640. 




72.760 


46.942. 


19 




810.24 


200,150. 




74.662 


48.169. 


20 


314.16 


202,680. 




76.589 


49.412. 


20J 




318.10 


205,230. 




78.540 


50.671. 


20 




322.06 


207,780. 




80.516 


51.946. 


20 




326.05 


210,350. 




82.516 


53,236. 


20 




330.06 


212.940. 




84.541 


54.542. 


20 




334.10 


215.560. 




86.590 


55.864. 


20 




338.16 


218.170. 




88.664 


57.202. 


20 




842.26 


220.810. 




90.763 


58.557. 


21 


846.36 


223.460. 




92.886 


59,926. 


211 




350.50 


226,130. 




95.033 


61.311. 


21 




354.66 


228,810. 




97.205 


62.713. 


21 




358.84 


231.610. 




99.402 


64.130. 


21 




363.05 


234.230. 




101.62 


65.561. 


21 




367.28 


236.950. 




103.87 


67.013. 


21 




371.54 


239.700. 




106.14 


68.477. 


21 




376.83 


242.470. 




108.43 


69.955. 


22 


380.13 


246,240. 




110.75 


71.451. 


22i 


384.46 


248,040. 




113.10 


72.968. 


22^ 
22 


888.82 


250.850. 




115.47 


74,497. 


393.20 


253.680. 




117.86 


76.039. 


224 


397.61 


256.620. 




120.28 


77.600. 


22 


402.04 


269.380. 




122.72 


79.174. 


22 


406.49 


262.250. 




125.19 


80,768. 


22 


410.97 


265.140. 




127.68 


82.374. 


23 


416.48 


268.050. 




130.19 


83.993. 


23 




420.00 


270.970. 




132.73 


85.632. 


23 




424.66 


273.910. 




135.30 


87.290. 


23 




429.13 


276.860. 




137.89 


88.961. 


23 




433.74 


279.830. 




140.50 


90.645. 


23 




438.36 


282.810. 




143.14 


92.348. 


23 




443.01 


286.810. 




145.80 


94.064. 


23 




447.69 


288.830. 




148.49 


95.800. 


24 


462.39 


291.860. 




151.20 


97.548. 


24i 


461.86 


297.970. 




153.94 


99,316. 


24* 


471.44 


304.150. 




156.70 


101,100. 


241 


481.11 


310.390. 




159.48 


102.890. 


25 


490.87 


316.690. 




162.30 


104.710. 


25^ 


500.74 


323,060. 




165.13 


106.540. 


^ 


610.71 


329.490. 




167.99 


108.380. 


620.77 


335.980. 




170.87 


110.240. 


26 


630.93 


342,630. 




173.78 


112.120. 


26J 


541.19 


349.160. 




176.71 


114.010. 


26l 


551.55 


365,840. 




179.67 


115,920. 


26! 


562.00 


362.680. 




182.65 


117.840. 


27 


672.60 


369.390. 
376.260. 




185.66 


119,780. 


27t 


583.21 




188.69 


121,740. 


27* 


593.96 


383.200. 




191.75 


123.710. 


27| 


604.81 


390,200. 




194.83 


125.700. 


28 


616.76 


397.260. 




197.93 


127.700. 


28t 


026.80 


404.390. 




201.06 


129.720. 


284 


637.94 


411.670. 




204.22 


131.750. 


28| 


649.18 


418.820. 




207.39 


133.810. 


29 


660.62 


426.140. 




210.60 


135.871. 


294 


671.96 


433.620. 




213.82 


137.950. 


294 


683.49 


440.960. 




217.08 


140.051. 


29] 


696.13 


448.470. 




220.35 


142.161. 


30 


706.86 


466.040. 




223.65 


144.290. 




718.69 


463.670. 




226.98 


146.440. 


304 


730.62 


471.370. 




230.33 


14K.H00. 


3o| 


742.64 


479.120. 




233.71 


150.780. 


31 


764.77 


486.950. 




237.10 


152.970. 


3U 


766.99 


494.830. 




240.53 


155.180. 


31 


779.31 


502.780. 




243.98 


167.410. 


3l! 


791.73 


510.780. 




247.45 


169.040. 


32 


804.25 


618.870. 




250.95 


161.900. 


32| 


816.86 


627.010. 




254.47 


1M.170. 


32 


829.68 


636.210. 




258.02 


lrt«.4«0. 


32 


842.39 


543.480. 




261.59 


168.770. 


33 


865.30 


551.810. 
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TABLE 637. — TABLE OP DIAMETERS AND AREAS OF CIRCLES. Continud 



Inches. 


Area SquiLTC IncH- 


Arc* Sqiiire men* 




Afem ScjUAi? lodi. 


Area Sq^oR dk- 


331 


R«A.3l 


6^.200, 


m 


2.780J 


i.Tggjoa 


U 


8H1.41 


5^.050, 


ao 


2,827.4 


l,fi34lO<L 


aa 


mAM 


577.170, 


61 


2,9223 


u&iiaoQ. 


34 


907 M 


ss^js/a. 


OS 


3,010.1 


1.047,6001 


^*k 


9:^1^2 


594,400, 


oa 


3.117J 


2.011,100. 


34 


e34H2 


603,110. 


04 


3.217.0 


2,075i00. 


341 


U4H.42 


on,H.>$o, 


05 


3,SIBJ 


2449.HOO. 


3S 


962 J I 1 


020,710. 


Ofl 


3,421.3 


xmjm. 


m 


1»7S,01 1 


629,020. 


07 


a.fi2fi.7 


2.274,«Oai 


ul 


%m.^ 


Qd».m). 


08 


3,flaij 


2,3*3,000. 


m 


1. 003.71 1 


047,010. 


09 


3jao.3 


2M2.¥XK 


3ti 


1,017.9 


0M,710. 


70 


3,348.5 


2,432,«00. 


3^t 


1,032. t 


a*J5,S70, 


71 


tOfiOJ 


2.M4,3ttl 


m 


1.04IU 


075.030, 


72 


4.07U 


2,tt2d,«a 


m 


l.OrtOJ 


0H4J20. 


73 


4,185.4 


2.TOO.J00. 


37 


l,07li.2 


093. 0«U). 


74 


4,300.a 


2.774.700. 


37i 


1,0!^.^ 


703,100, 


75 


4.417.9 


2.g50.aOO. 


37 


1404 Jl 


712.5m 


70 


4,530.5 


2,93i|.8t». 


37 


laitf.Z 


722,tm. 


77 


4,65«.0 


3,0OI,3dQL 


dH 


1434.1 


731,080. 


78 


4,7?SJ 


3,os^ino. 


m 


1440.1 


74[,3£0. 


79 


4,901.7 


3,l€2,40a 


m 

m 


14MJ 


751400. 


l!lO 


5,020.5 


3,242,M0v 


1,J7».3 


7m,^4Q. 


til 


5.153.0 


3.334.500, 


3tt 


i4»4.a 


770.710. 


A2 


5,2§i.O 


3,407,100. 


391 


1,210.0 


7t$0J4O, 


83 


5.410.6 


3,480,700. 


mi 

m 


1.2214 


700,580. 


84 


5,541.8 


3.575,300. 


1.241.0 


H00.«40. 


H5 


5,074.5 


S,6ei.0O0L 


10 


l,254V.O 


8 10 J 10. 


80 


h.m&.& 


3,74".«BL 


401 


1.272.4 


820.900. 


87 


5.944.7 


3,835.300. 


401 
40l 


l,2»(i.2 


831400. 


m 


0,0e^2.] 


3,t^9(», 


1.304,2 


841420. 


m 


fl.221.1 


4,013,600. 


41 


1.330.3 


851,900. 


ttO 


0,301.7 


4.104.300, 


411 


1, 33414 


802 190. 


01 


0,503.0 


4.19&.100. 


41 


1,352.7 


872 J 10. 


02 


0,647.0 


4.2S»,S0IL 


41f 


1.3«l».0 


883,220. 


03 


0,702.0 


4.3*2,500, 


42 


1.3S&.4 


893,800. 


04 


0,93flJ 


4.477.30O. 


42^ 


1.402.0 


904.510. 


05 


7*0&5.3 


4.573,000. 


42| 


1,418.0 


915,220, 


00 


7.23^.2 


4,069,SOO. 


1,4354 


92i*,000. 


97 


7,389.8 


4,767 ,»W0. 


r^ 


1452.2 


930,900. 


m 


7,543.0 


4, 81 W. 400, 


4.1 i 


1,4(Kl 1 


947.JMKK 


90 


7.097J 


4.9liO,200. 




1.4hil2 


y5H.H40. 


LOO 


7.854.0 


5,0fi740O- 


1.503.3 


9051.870. 


101 ' 


8,01 1J 


541^,000 


44 


1,520-5 


OHtJ.WTQ. 


102 


H.171.3 


5.271.?inO. 


44^ 


1.537.1* 


9*J2,IW>. 


103 


!*, 332.3 


S,3TS.rui}. 


44 
4* J 


1.555 3 


1.003.400. 


104 


8.494 9 


S,4SIXU». 


1.572.H 


1,014.700. 


105 


8,ii59.a 


S.5ii(V4<l|>. 


45 


L5mJ4 


|,02[i.lO0. 


lOu 


R,S24J 


5smMn 


4fli 


l,iiOs.2 


1 oa7,5(MI. 


107 


RU92.0 


5.WlL3niJ 


^^J 


I.t42it0 


i,049j:k)o. 


10.S 


9400.0 


S,§10,21» 


45: 


l,ii4:iU 


1 Or,0,4i(MI 


1(K* 


9.33 L3 


ti,li20.2ro 


4a 


1, in J 1.1* 


1.072.20^1. 


no 


9,503 S 


li.iai.imv. 


*H 


l,<;si3JI 


\sm:m. 


1H 


9,(»7ti,fl 


0,243, l(M, 


n 


l.illK.'J 


^^Bfl^m 


112 


9,852,0 


0,350400. 


l;iij.5 


1.107,400 


113 


10.020. 


0,470.300. 


47 


IJ34J 


i.n^i.mi, 


1H 


10,207, 


o.sss.ion. 


47J 


l,T5:i5 


1,131.^*00. 


115 


10,387. 


H, 701,^100. 


tfl 


r.77Lii 


i4J3,am) 


nti 


10,5ii8. 


0.!%lH4O0. 


l.TW) H 


l,15a,40(^. 


117 


L0J5L 


0^30.100. 


4S 


I.K4ML0 


I.l07,5l¥). 


Llri 


10,930. 


71155.500. 


iJ^i 


I,K47,5 


140I,WOEJ, 


t1^ 


11432. 


7475,500. 


A^ 


I.H.H5.7 


l,2li>,tW- 


120 


11,310. 


7,20(S,sHo, 


m 


\3'nA 


1,241.500, 


122 


n.nw. 


7,541,900 


50 


ljlti3.5 


l,2f^i,«00. 


124 


12.070. 


7.7!»l,00O. 


6<>i 


2,O03.t» 


1,202,300, 


120 


12.400. 


H.044,54N). 


fil 


2,042H 


i, 3 17.900. 


12H 


]2.^H. 


Ii,30 1,900, 


511 


2.0s:i,i 


i.Mi9on. 


130 


13.273. 


H.S<J3,200. 


52 


2423 7 


1,370400. 


132 


13.0.S5. 


H.1iN,(m. 


B2i 


24i'4.S 


i^Lt^ifj,rrt>ii. 


134 


14403. 


O.O9.s,TO0. 


a.1 


2,2015.2 


l,423,4f]4l, 


13>^ 


14.527. 


9.372,300. 


saj 


2.24.H.0 


i.4W,:io<J, 


13H 


14,957. 


O.r,4?^,7O0. 


U 


2,200.2 


1,477.500, 


140 


15,394. 


0,931.000. 


S4) 


2,3:iH,H 


l,Fj05,0Ot>. 


U2 


15,837, 


10.2 17.0111. 


5& 


2,375,8 


l,532.SOQ. 


H4 


1 0.280. 


10,507,000, 


5&i 


241U2 


I,.'>mt,s0(i 


140 


10.742. 


10,^1,000. 


6iV 


24ii3.0 


i,5Hl\0(Kt. 


148 


17.203. 


1 i.oyo.ooo. 


Alii 


1^7.2 


!,01T.SOO 


150 


17.071, 


11,401.000. 


B- 


2,.'iSLSl 


l.Mr!,3flO. 


152 


18.140. 


1 i,T07.nno, 


571 


2.5lin.7 


1,075,3041, 


154 


1S,027. 


12,017,9)KI. 


5X 


2,*U2.I 


1,704.IKML 


ISM 


1^,113. 


]2,331,0C10, 


5H1 


2.fW7.H 


L7344*J<L 


laM 


19J107. 


12, 1^^1,000. 


m 


2,T,'i4 


1.703,1*00, 


UK) 


2040fi. 


12.072,000. 
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•TABLE 637. — TABLE OP DIAMETERS AND AREAS OF CIRCLES. — Continued, 



Diameter 
Inches. 


Area Square Inch. 


Area Square mm. 


Diameter 
Inches. 


Area Square Inch. 


Area Square mm. 


162 


20,612. 


13,298.000. 


202 


32,047. 


20,675.000. 


164 


21,124. 


13.628,000. 


204 


32,685. 


21,087.000. 


166 


21,642. 


13,963.000. 


206 


33,329. 


21,503.000. 


168 


22,167. 


14,301,000. 


208 


33,979. 


21.922,000. 


170 


22,698. 


14,644,000. 


210 


34.636. 


22,346,000. 


172 


23,235. 


14,990,000. 


212 


35,299. 


22.774,000. 


174 


23.779. 


15,341.000. 


214 


35,968. 


23,205.000. 


176 


24.328. 


15.695,000. 


216 


36.644. 


23,641,000. 


178 


24,886. 


16,055,000. 


218 


37,325. 


24,081,000. 


180 


25.447. 


16,417,000. 


220 


38,013. 


24,524,000. 


182 


2«,016. 


16.784,000. 


222 


38.708. 


24,973.000. 


184 


26.590. 


17,155,000. 


224 


39.408. 


25,424,000. 


186 


27,172. 


17,530.300. 


226 


40,115. 


25,881,000. 


188 


27,759. 


17.909.000. 


228 


40,828. 


26,341.000. 


190 


28.353. 


18.292,000. 


230 


41,548. 


26.805.000. 


192 


28,953. 


18.679,000. 


232 


42,273. 


27.273,000. 


194 


29.559. 


19,070,000. 


234 


43,005. 


27,745.000. 


196 


30,172. 


19,466,000. 


236 


43,744. 


28.222,000. 


198 


30.791. 


19,865.000. 


238 


44,488. 


28.702,000. 


200 


31.416. 


20.268.000. 


240 


45,239. 


29,186.000. 



TABLE 638. — QUARTZ DIAMETERS AND VELOCITIES FOR COMPUTING SPIGOTS, 
SORTING COLUMNS, POCKETS, CONES, AND TANKS. 



Diameters. 


Average Diameter 
mm. 


Velocities. 


Through Screen 
mm. 


On Screen 
mm. 


Average mm. 
Sec. 


Maximum mm. 
Sec. 


Minimum mm. 
Sec. 


12 85 


11.01 


11.93 
11.80 
11.60 
11.40 
11.20 
11.00 
10.80 
10.60 
10.40 
10.26 
10.20 
10.00 
9.80 
9.60 
9.40 
9.20 
9.00 
8.80 
8.65 
8.60 
8.40 
8.20 
8.00 
7.80 
7.60 
7.40 
7.32 
7.20 
7.00 
6.80 
6.60 
6.41 
6.20 
6.00 
5.80 
5.60 
5.46 
5.40 
5.20 
5.00 
4.90 
4.80 
4.70 
4.60 
4.58 
4.50 
4.40 


393. 
391. 
387. 
383. 
379. 
375. 
371. 
368. 
364. 
361. 
360. 
358. 
355. 
352. 
350. 
347. 
345. 
342. 
340. 
339. 
333. 
329. 
321. 
316. 
311. 
305. 
303. 
301. 
298. 
295. 
292. 
289. 
283. 
277. 
270. 
264. 
260. 
259. 
254. 
250. 
247. 
245. 
243. 
240. 
240. 
237. 
233. 


489. 


271. 


























































11.01 


9.51 


489. 


252.* 


























































9.51 


7.79 


489. 


231.* 


















































7.79 


6.85 


489. 


227. 



























6.85 


5 97 


416. 


185. 


























5.97 


4.95 


362. 


172. 


















































4.96 


4.21 


345. 


153. 



















* These figures were observed all through the table. See 1 1162. The others are interpolated. 
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TABLE 638. — QUARTZ DIAMETERS AND VELOCITIES FOR COMPUTING SPIGOTS, 

SORTING COLUMNS, POCKETS, CONES, AND TANKS. — Continued. 



Diametcre. 


Average Diameter 
mm. 




Velodties. 






Through Screen 
mm. 


mm. 


Average mm. 


Maximum mm. 
Sec. 


MimnramoB. 
Sec. 








4.30 

4.20 

4.17 

4.10 

4.00 

3.90 

8.80 

3.70 

3.60 

3.60 

3.48 

3.40 

3.30 

3.20 

3.10 

3.00 

2.90 

2.83 

2.80 

2.70 

2.60 

2.50 

2.44 

2.40 

2.30 

2.28 

2.20 

2.10 

2.00 

1.90 

1.85 

1.80 

1.70 

1.60 

1.55 

1.50 

1.45 

1.40 

1.37 

1.35 

1.30 

1.25 

1.20 

1.19 

1.15 

1.10 

1.05 

1.04 

1.00 

.98 

.96 

.94 

.92 

.91 

.90 

.88 

.86 

.84 

.82 

.80 

.78 

.76 

.74 

.72 

.70 

.68 

.66 

.64 

.r,3 

.62 
.60 
.59 
.58 
.57 
.56 
.55 
.54 
.53 


230. 
228. 
225 
223. 
221. 
219. 
216. 
214. 
212. 
209. 
209. 
207. 
204. 
201. 
198. 
196. 
193. 
191. 
189. 
183. 
177. 
172. 
168. 
167. 
166. 
166. 
162. 
158. 
153. 
148. 
146. 
142. 
134. 
126. 
124. 
122. 
121. 
119. 
118. 
116. 
113. 
109. 
106. 
105. 
102. 

98. 

95. 

94. 

91. 

89. 

88. 

86. 

85. 

84. 

84. 

83. 

82. 

81. 

80. 

79. 

78. 

77. 

75. 

74. 

72. 

71. 

69. 

68. 

67. 

66. 

64. 

62. 

61. 

60. 

59. 

58. 

56. 

55. 


















4.21 


4.12 


345. 


154. 














3 48 


















































4.12 


2.83 


307. 


154. 






















































2.83 


2.82 


256. 


127. 


















.. . 
















2.82 


2.05 


252. 


119. 














2.49 


2.06 


238. 


89. 
























' 










2.06 


1.63 


227. 


71. 














1.63 


1.46 


192. 


68. 


































1.46 


1.27 


173. 


82. 


















1 
















1.27 


1.10 


156. 


69. 
























1.10 


.97 


147. 


64. 









































.97 


.84 


119. 


43. 














1 








1 


: ::i 






1 


1 






1 
















.84 .68 


114. 


40. 




, 
















1 
























.68 


.57 


89. 


36. 





























. 






















. . . 























APPENDIX. 



2005 



TABLE 638. — QUARTZ DIAMETERS AND VELOCITIES FOR COMPUTING SPIGOTS, 

SORTING COLUMNS, POCKETS, CONES, AND TANKS. — Continued, 



Dumetera. 


Average Diameter 
mm. 


Quartz Vdodties. 


Through Screen 
mm. 


On Screen 
mm. 


Average mm. 
Sec. 


Sec. 


Minimum mm. 
Sec. 






.52 
.51 
.50 
.49 
.48 
.47 
.46 
.45 
.44 
.43 
.42 
.41 
.40 
.39 
.88 


64. 

63. 

52. 

51. 

49. 

48. 

47. 

46. 

46. 

44.* 

43.* 

42.* 

41.* 

41.* 

40.* 






.57 


.45 


78. 


32. 


































































.46 


.35 


61. 


27. 










iLi;<.muv«n* 








Microsco^^..... 


Min. 
.243 






.800 


.369 

.360 

.350 

.341 

.332 

.323 

.314 

.305 

.297 

.288 

.279 

.270 

.261 

.252 

.243 

.234 

.222 

.211 

.199 

.194 

.190 

.186 

.182 

.177 

.173 

.169 

.164 

.160 

.156 

.151 

.147 

.143 

.139 

.135 

.130 

.126 

.125 

.121 

.119 

.118 

.116 

.114 

.112 

.108 

.104 

.099 

.095 

.0912 

.0890 

.0868 

.0846 

.0800 

.0773 

.0747 

.0718 

.0689 

.0659 

.0629 

.0592 

.0555 

.0503 


39.0* 

38.4* 

87.7* 

37.1* 

36.4* 

35.8 

35.1 

34.48 
83.7 

33.0 

32.3 

31.5 

80.8 

80.0 

29.3 

28.57 

27.2 

25.8 

24.39 

23. 

22. 

21. 

20.41 

20. 

19. 

19. 

18. 

18. 

17.24 

17. 

16. 

16. 

15. 

14.49 

14. 

12.05 

11. 

10.20 

10. 
9. 

8.55 
8. 

7.14 
6.916 
6.692 
6.468 
6.244 
6.02 
5.697 
5.374 
5.05 
4.26 
3.902 
3.57 
3.285 
3.00 
2.76 
2.52 
2.32 
2.12 
1.78 


, 


















































.413 


.163 




























































339 


.114 




















.321 


.130 




























.298 


.103 












































.254 


.0827 




































.252 


.0655 












.249 


.0803 












.237 


.0679 





















219 


.0655 












.235 


.0569 




































.168 


.0608 


















, 


.158 


.0429 
.0414 






147 












.120 


.0364 












0972 


.0387 












0970 


.0315 












.0918 


nai7 






4)842 't^2fm 1 















* These figures are slightly modified from the observed figures to bring them into series. 
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TABLE 638. — QUARTZ DIAMETERS AND VELOCITIES FOR COMPUTING SPIGOT?. 
SORTING COLUMNS, POCKETS, CONES, AND TANKS. Continued. 



Di&int?tcf^ by Micrtmcope. 


AvemEc BUtoeter 
mm. 


Qumrtjt Vekicity. 


Majciimum 
tarn. 


Mifdmum 


Sec. 


Sec. 


MininiamBra. 
Stc. 


Q71S 


J0I04 


.047S 
.0451 
,0425 
.0401 
.0377 

jm* 

.0M2 
.0:2tt7 
.0253 
.0243 

.0220 
.0209 
.0203 
.0108 

mn 
.oieyi 

.01H5 

mil 

.0173 

.oifto 
mm 

.Olftl 
.015rt 
.0150 
.0144 
.013S 
.0134 
.0130 

.01 Mi 
,0107 

!HIM1 
(107:17 
tKlOiiH 
,005KU 


ISO 
1.375 

IM 
1.10 

im 
0.9m 

0.SS7 
0.740 
0,fiS7 

uxm 

.fi27 
.520 
.442 

.404 

,372 

.M) 

.3L3 

jOfM 

Ml^ 

JE748 

.2ft2 

;S4l 

.220 

.2118 

.2051 

.iim4 

J9l7 
.ISA 
.1754 
.Itifi? 
.]5« 
J47S 
• ,1423 
.13119 
.131 
,12575 
J20SO 
.1 15**5 
J100 
,lfl5iV 
,lOi2 

mm 
mi* 












*0716 


.013S 












jCMtiO 


.0100 










i^20 


.0100 
.00N06 




.Ofin 




1 








,0539 
.0543 


.00(ltt2 

.nnrr.so 
.00^^ 










Mm 


*"\obflfl6 






.03V4 


.004 IG 




,,.,,. ^ , .,.....,,... ...... 






I 






1 , 


.mm 


.0052fi 






.01323 






























smi 












MU 






















"'""o-idi * 






^ 












mifi 










' MiM 




i • 1 ' ' ' ■ ' 1 - 1 ' " ■■ ' 1 ■...,,-•' ^ 









TAHLK 639. 



PKKCKNT OF VOIDS IX CKISHKI) LIMKSTONE. 





Ptfixctil fif V'liiil*. 




Frnm Specific 
Gruiity. 


f 

i 
} 

2 i'> 1 

:*I Til \ 

3 III 2 


40.j^ 
3SV0 
42 2 
43,0 
45 7 
47.'.» 
40.n 
44,3 
4i>2 
4 'VI 
47.5 


40. R ! 

4<i.L 

47 I 

4S.li 

44.7 

4h,2 

4iVn 

4l\« 

43.4 

45.1 

4U.1 
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TABLE 640. — EFFECT OP DISTANCE HAULED UPON SETTLEMENT IN WAGON. 





Size of Stone. 
Inch. 


Method of 
Loading. 








— Feet. 






Test No. 


100 


200 


300 


400 


500 


600 


700 


2,640 


5,280 


3 


I Scr 


15 ft. drop 

Shoveled '.'.'.'.... 
15 ft. drop 

Shoveled '.'.'.'.'.'.. 


7.3 

6.0 

2.6 

5.3 

3.5 

0.57 

3.5 

5.0 


8.3 
9.7 
3.7 
6.2 
4.1 
2.6 
4.2 
5.7 


8.9 
10.2 
4.9 
7.1 
4.8 
2.8 
4.5 
6.53 


9.2 
10.2 
5.3 
7.7 
5.3 
4.1 
4.8 
6.53 


9.5 
10.4 
5.3 
7.9 
5.3 
4.25 
5.0 
6.7 


10.1 
10.4 
5.3 
8.0 
5.7 
4.25 
5.1 
6.7 


10.1 
10.7 
5.4 
8.3 
6.5 
4.25 
6.1 
6.7 


11.2 
12.4 
5.4 
9.2 
7.3 
4.9 
6.0 
7.1 


11.20 


4 






6 


2 to 1 


6.4 


7 






9 


it 




11 


3 to 2 


4.9 


12 




6.0 


14 




7.1 


1 





P'urther reference tables will be found in the Appendix of Volume II. 




GENERAL BIBUOGRAPHY OF ORE-DRESSING 
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Can, Min. Rev., Vol XXIV., (1905), p. SO. Trade write up. IlJustmted dpscription of 

Sheffield, Knjf. 
at Paris Expoai- 
, scrperiBj cla(4sifiers» jigs, and sUme tables* 
Ibid.f Vol. LX?^X1X., (1905) J p. 737. Trade write up. Description of different *ypes of 

cnishinK machinery made by Iladfield Steel Foimdrj^ Company, Sheffield, Eng. Describes 
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Compie9-Refuius Site. huL Min,^ Feb., 1906, p. 52. M. Buterj'. Description of the Galland 

oreaker for coal. Tins is a combination of jaw breaker and toothe^J rolln. 
Eng. cfr Min. Jour.. Vol. LXV,, (1898), p, 134. Editorial. Short description of the St\irt«- 

vant mil jaw breaker- 
Ihid., Vol LXVIl., (181KJ), p, S3. No author Tlio Union Iron Works advocates putting a 

small breaker t)etween the feeder and i^tainp battery^ 
Ihifi., Vol. LXVIIT., ilHm), p. fi7L No author. Article on Triuiet breaker. 
Ihi'd., Vol, LXIX,, (IIICKJ), p. 143. No author. Dei^'ription of Aultmdn jaw breaker. 
//>!//., p. 561. No anlhor. Govemeiir roUiry rock breaker for laic. 
Ibut., Vol, LXX., (IWO), p. 733. No author. Descrijilion of AiJslin breaker of the Gates ' 

type. 
Ibidi,, Vol. LXXIL, (1902), p, 420. No author. Description of the Perfection ore breaker 

for laboratory use. A combination of jaw and roll breaker. .Able to crush to UTO mesh. 

Adjustable, 
ibid., Vi>l. LXXV., (1903), p. 712. No author, .\n article describing the Ifeclon breaker 

designed by R. H, Had field and A. O. M. Jack. 
/6*rf., Vol. LXXX., (1905), p. 318. M. M. Green, Requirements for a first-class coke crusher 

for an electric furnace plant. 
[bid., Vol. LXXXI v., (1907), p. 589. No author. A short article showing long life in crush- 
ing machinery, 
FMi, hftu/., Vol, HI,, (1901), p. 559, Description of the Halk multiple action ore breaker. 
Imi, Min. d' A/d,, Vol XVL, (1907), p. 195. G. E. Brown. Descrili*'B a breaking piece 

for jaw rock lireakerK. 
Irtm Age, VoL LXIL, (Nov. 10, 1898), p. 4. No author. Short description of the Preston 

stone breaktT. 
Ibid., VoL LXV., (March 1» 19()0)* p. 15. No author. Description of the Aiiltrnan jaw 

breaker. 
/Wrf., Vol, LXV., (May 10, 19O0)» p. 8. No author. Description of the Govenieur rotary 

rock breaker. 
htm Tr*tde Hev,, Vol. XXXII., No. i9., (1899), p. 14. No author. Article on the Comet 

breaker. 
!hid.. Vol. XXXVr,, No, 20, (19a3). p, 51. Descnption of an ore breaker made by Wm. IL 

Martin Iron Works, I^aneaster, Penn. 
Ibid,, Vol. XXXIX., No. 4, (1906), p. 25. R. C. Newhouae. Article on crushing of Lake 

Superior iron ores. 
Mine* ii- MineraU, Vol. XVIII., (1898), p. 303, No author. Short article on the Sturtevant 

roll jaw breaker. 
tbid., Vol. XX., (UWK)), p. 380. No author. Description of the Aultman jaw breaker. 
Min, Jour.f Vol. LXXaL, (1907), p, 285. No author. Description of Bigelow piitent 

bresaker. 
Min, Mag., Vob XL, (1905), p. 50. L. H. Sturtevant. General description of gradual re<lnc- 

tion, with a trade write up of Sturtevant roll jaw breaker, balanced rolls, and c<<Qtrif- 

ugal finishing rolls. 
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jl/m. Hepaiier. Vol. UV., (1906), p. 370. No author, Descriptioo of Uie Hathaway gyra- 

Urty breaker. 
!hul., Vr»L LV., (HM)7), p. 12. No author Article on chroma steel for jaw plates. 
ihid.f p. 114, 0, K. Drown. Uewcriplion of a breaking piece for jaw breakers. 
Jl/m. it Set. PreMs, \ol LXXXVL, (im>3), y, 24. No author. Deficriplion of the WjilLu» 

steel breaker. 
Ibid,, p. 20L No author. An article on the Krom rolling- topple breaker. 
Mm. WoritI, Vol. XXVII., (19(17), p. im. No author, Tnide write up uf McCully lirfakcf 
/fci>/., p. 360. Trinle wrile up on a new gjTatory rock breaker. 

OcM. Zeitj Vub LIII., (l*JOij), p. '.»4. Cnmiav Krtnipa. DeBcnption of a new coke breaker, 
Thon-lnd. ZeiL, Vol. XXIIL, (181J9), p. aSL Karl Weislian. Stone breaker. 
Ifnd,^ p. S05. No author. De.seripUun of a clay breaker. 

IM., Vol. XXIV., (1900), p. 883. F. UauenschiJd. Description of the Moustier centrip- 
etal breakt^r. 
Ibid.^ p. 1326, F. Ilauenschiltl. Description of the Muuatier centripetal breaker^ an impact 

breaker. 
Ibid., Vol. XXIX,, (mm, ji. \mil No author, lllustrnted description of the Komw rock 

i:»reakpr marie by C. F. SfM>yenT, Berlin, (lennnuy. 
Zeit. Herg-HuU-n. SaUnen-v^ei^n., Vnl. LIIl., (11J05), p. 125» No author. Deseriptioa of 

the Humboldt suspendeil-sfiindle gynitorv breaker. 
Zeii, Ver. DeuL Ituj., Vi.l, LL, (11107), p. 536. Theotiold Demuth. Description of jiw 

breakere, rolls and ball mills at the Reichenberg Exposition in 1906 

BlBLlOGRAPBY FOR RoLLS. 

Am, Mfr., Vol. LXV., (1890), p. 448. Tnule write up. Description of corrugated roll* 
Can. SI in, /fri\, Vol. XXIV,. (190*'>). D. rSt>. Trade write up. llluslrali'<l description nf ml 
with inisertecl tt^*th made by Hatlfield Steel F^iuuilr}" l^nuipany, Shetfield, Eng. 



ColL Guard., Vol. LXXXIX., (19<ir>), ]i. 737. Tmde write up, describing difterf?nt types of 
crushing machinery tnarh* by tbulfieltl Steel Foundry Company, Sheffield, Eng. Roll* 
of gpjiked Hurface type .sho\^Ti, 

Eng. d' Min. Jour., Vol LXIX., (19(X)), p. 111. No author. Description of Sturtevant roll*. 

Ibid., VoL LXXV., lHH)3), p, 339. Trade write up, doHcnlnng the Fritsch crushing rollB. 

Ibid,, Vol- LXXVI., {1903), p, 624. No author. Deseription of the R. K. Humphrey new ore 
cruwhiug rollB. 

Ibid., Vol, LXXIX,, (1905), p. 77. R. K. Humphrey. General consideration of roll crinhin^. 

[hid., p. 657. IjCwiH Searing. Rolls without springs. 

InuL Min, *t Met, Vol. X., (1902), p. 234. Philip Argall. Paper entitled, "Sampling and 
dry crujshing in Colorado," Very complete di;^c\ission of roll cruHhing. 

Ibtd,, \^ol. XIV., 11905), p. 63. W. Simpkiu and J. B. Ballaline, Dry cnishing of ores by 
the Edison proet'ss. 

Ibid., p. 74. W. Fisher Wilkinson. Results of experiments in crushing orea from the m^Mi 
of the Simmer and Jack, and from the Robinson Deep, by Edison rolls. 

Iron Atje, Vol. LXV., (1900), p. 28. No author. Description of l^Mis*?n 3-high foIIb. 

MH'dlurg^it'., Viil. IV., (1907), p. 277. C Br^meke. An article on coiir«e and fine roll*. 

Alin. Jour., Vol, LXXX., (1906). p. 593. Tnide write up. Description of mx sets of roll* 
without s]»ri ngs installed by the Ihid field Steel Foundry C*ompany at the Caiieaaas (*<ip- 
per Company's mill. 

A/tn. Mag., Vol. XI., (1905), p. 500. L. H. Sturtevant. General di{?cusaion of gradual reduc- 
tion, with a trade write up of Sturtevant roll jaw breaker, balanced rolls, and centtif- 
ugal finishing rolls. 

Mines d' MiveralH, VoL XIX., (1898), p. 160. Catalogue description of Fraser and Chalmer's 
standard rolls. 

Ihid,, Vol, XX., (1900), p. 328. Trade write up of Sturtevant centrifugal rolls. 

Min. dt Sci. Prefis. Vol. LXXXVL. (1903), p. 262. Trade write up of Krom cuabioned toJlf. 

(Jest. ZtiL^ Vol. LIIL, (1905)* ]>. 202. No author. Brief description of Edi.son's proc«» d 
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